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FOREWORD .7 . 

t 

To implement an educational approach successfully, one must match the philoso- 
phy of evaluation with that of instruction. This is particularly true when individual- 
ization is the key element in the educational approach. Yet, as important as it is to 
achieve this match, the task is by no means simple for the teacher. In fact, without 
specific resource materials to help him, he is apt to find the task overwhelming. For 
this reason, ISCS has developed a set of individualized evaluation materials as part of 
its Individualized Teacher Preparation (ITP) program. These materials are designed 
to assist teachers in their transition to individualized instruction and'^o help them 
tailor their assessment of students' progress to the needs of all their students. 

The two modules concerned with cwdlmXion^y Individualizing Objective Testing and 
Evaluating and Reporting Progress, can be used by small groups of teachers in in- 
service settings or by individual teachers in a local school environment. Hopefully, 
they will do more than give each teaqher an overview of individualized evaluation., 
These ITP modules suggest key strategies for achieving both subjective and objective 
evaluation of each student's progress. And to make it easier for teachers to put such 
strategies into practice, ISCS has produced the associated booklets entitled Perform- 
ance Objectives, Performance Assessment Resources, and Performance Checks. Using 
these materials, the teacher can objectively assess the student^ mastery of the proc- 
esses, skills, and subject matter of the ISCS program. And the teacher can obtain, 
at the moment when they are needed, specific suggestions for remedying the stu- 
dent's idenlified deficiencies. 

If you 'die an ISCS teacher, selective use of these materials will guide you in devel- 
oping an individualized evaluation program best suited to your own settings and thus 
further^nhance the individualized character of your ISCS program. 

The Co-Directors 

Intermediate Science Curriculum Study 
Rm 415, W.H. Johnston Building 
^ 415 North Monroe Street 

Tallahassee, f^lorida 32301 . ' 



THE ISCS INDIVIDUALIZED TESTING SYSTEM , 

The ISCS individualizeji testing system for each level of ISCS is composed of four 
major subdivisions: 

L The ITP modules Evaluating and Reporting Progress' and Individualizing 
Objective Testing, 

2. Performance Objectives, ' 

3. Performance Checks in three alternate forms, and 

4. Performance Assessment Resources. 

Evaluating and Reporting Progress presents a cpmprehensive overview, with many 
fefmements, for individualizing the grading and reporting of students' progress, based 
on both subjective and objective criteria. The module Individualizing Objective 
'Testing jdescribes more specifically those ISCS evaluation materials which have ob- 
jective criteria - the performance objectives, checks, and resources - and it presents 
practical suggestions for their Use.. These two modules should be considered pre- 
requisite to successful'use of the other ISCS evaluation materials. ' 

Each of the Performance Objectives booklets contains a composite list of selected 
measurable objectives considered important to a given level of the ISCS program. 
However, many of the long-range goals and aims that, are at the heart of the ISCS 
program do not lend themselves to being expressed as measurable performance ob- 
jectives. Thite, these booklets Jihould not be construed as being ajl-ifiglusive anthol- 
ogies of all the possible learning outcomes of ISCS. 

^ach of three Performance Checks booklets contains an equivalent but alternative 
^ set of ^performance checks which were developed to assess the students* achievement 
of the objectives stated in the Performance Objectives booklets. 

' v»The Performance Assessment Resources booklet is a teacher's handbook to be used 
in identifying the appropriate {Performance checks with which to evaluate each stu- 
dent. The booklet also indicates how to set up testing situations; correct responses, 
and give remedial help. 



NOTES TO THE READER 

Tills book is a catalog of the tSCS objectives for Level 11. It is primarily a reference 
book for persons responsible for examining curricula and determining if this program 
is likely to meet their school system^s objectives and needs. As a reference book, it 
will also be useful to th^e teachers who wish to write additional objectives or per- 
formance checks. 

Each objective is written in the formal style described in Excursion 2-1 of the mod- 
ule Individualizing Objective Testing. As noted in Chapter 1 of that module, each 
ISCS objective focuses on a specific, directly measurable student action. Th^ objec- 
tives are, in effect, operational definitions of students' abilities; that is, they are 
statements of how to detect and measure what students can do. 

As you might expect, iSCS has other important goals and aims that are not listed in 
this book. They are missing because they are generally not directly measurable, given 
the practical confines of time and the state of the art of performaace testing and 
measurement. In many cases, therr nature is affective, rather than cognitive, and 
long-term as opposed to short-term, YouVill find many of these goals and aims dis- 
cussed in the module Rationale for Individualization. 

The objectives in this catalog are designed to aid in the assessment of students who 
differ widely in their learning abilities and in the kinds of subject matter which they 
find difficult, stated in the module Individualizing Objective Testing^ the key to 
the successful use of this catalog, the related Performance Assessment Resources, and 
the various Performance Checks is selectivity. This catalog of objectives was not de- 
signed so that a specific student or group of students would achieve a fixed percent- 
age of them. Probably no one school system and certainly no one teacher will find 
all of the objecUviJs in this book appropriate. As with a mail ordei; catalog, one must 
pick and choose accqrding to his needs. 

The objectives listed in this book are divided into units. The relationship between 
the units and the chapters of Probing the Natural World/2 are shown in Table L 
Most units include two cliafifers and the related excursions. You will recall that the 
number preceding thg hyphen in the identification numbers for excursions indicates 
the chapters to which the excursion is related. Within each unit, th? objectives 
based on the core and the remedial excursions of the student materials are listed 
first and roughly in the ordeV of their development in the student materials. These 
are followed by the objectives for the general and enrichment excufsions. 



LEVEL II 


UNIT^ 


CHAPTERS 


1 


1 and 2 


2 


3 and 4 


3 


5 and 6 


4 


7 and 8 


•5 


9 and 10 


6 


1 1 and 1 2 


7 


13 thru 15 . 


8 


16 and 17 


9 


18 and 19 


10 


20 and 21 


11 .. . 


22 thru 24 • 


12 


25 




Table 1 



The two types of code numbers used to identify the objectives in this book and the 
niaterials which correspond to each of the objectives in the Performance Checks and 
Performance Assessment Resources booklets are shown in Figure 1 below. 
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Figure "1 



Given a table listing the physiaal descriptions of two substancea 
and asked whether they are different substances and to>^laln his; 
answer^ the student applies the concept that physical descriptions 
alone often 'do not provide enou^ information 'bo enable a pe rson""' 
to distinguish between substances by responding to that effeN^. 



01-Core-l 



When asked to state two things he should do if an unknown or a 
dangerous chemical spills on him or on a classmate, the student 
recalls that when an. unknown or a dangerous chemickt spills on a 
person, the procedure is to rinse the area with plenty of wat.er, 
to call the teacher,, and, if possible, to show or tell him what 
chemlcalHt was by so stating . 



Given a dilute acid and a colored, pcwdered substance and asked to 
collect the necessary materials and to perform a procedure which 
involves a risk to the eyes, the student chooses to use _^afety 
glasses to protect his eyes while performing a chemical reaction 
bv putting on the safety glasses- prior to mixing the re.actants. 



Qiven a bottle of sodium bicarbohate, presented to him as an 
unknown powder, rock, a bottle of 3M hydrochloric acid, shell, and 
access to a magnifVing glass, safety glasses, a balance, a beaker, 
and a graduated cylinder and asked if the unknown -powder is more 
like rock or shell and why,- the student classifies the unknown 
powder as being like shell because it reacts with the acid by so 
stating. 
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Given an unlabeled sample of ground-up noncart)onaceous rock, an 
unlabeled sajiple 4^ ground-up shell, and a dropper-bottle of J[ 
[ICl and asked to t>tate which sa4)le is ground-up rock and which is 
.ground-up shell and t6 tell how he knows-, the student applies the 
concept that the^ d-ietnical properties of a solid substance are the 
saine regardless of the size of the pieces of the solid particles 
by namin g the samples rock and shell accurately and stating the 
notion that the powders are Identifiable because they react like 
the larger visible pieces of such solids. 



Given a list of four properties of substances, three of which 
oftpn change with crushing and the fourth being their reaction 
with acid, aj^^id >ai5ked which of these properties would change the 
least, if -the "substance were ground to a powder, the student • 
applies the concept that the reactions of substances are independ- 
ent or particle size by selecting the entry which indicates the 
reaction with acid. 



Ol-Core-2' 



Ol-Core-3 



Ol-Core-4 



Ol-Core-5 



Ol-Core-6 
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Ol-Core-7 



Ol-Core-8 



Ol^ore-9 



01-Core-lO 



01-Core-ll 



When asked to. draw a diagram to Illustrate vftiat he would expect to 
see- if a piece of a specific substance were magnified, several 
billion times and to* e:?^lain his diagram, the student applies the ' 
particulate mod61 of matter by drawing a diagram that indicates 
numsrous small particles and stating the effect of the concept, of 
the particulate model of matter. ' *" 



Given a list of four sources for the models of science and asked 
. to identify where scientific models come from, the student recalls 

that the models of science are created in people's minds by 
- selecting the entry to that effect. 
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Given a list of five statements abcrut matter particles, three of 

which a^e assumptions of the particle model for matter, and asked 
"to identify those which are part of that model, the student 

classifies statenants to the effect that matter particles move, 
• are closest together in solids, have energy, and make up all 

matter and that , heat energy increases, the motion of the particles. 
' as assunptions of the particle model by inril r>.nhlpQ- at least two of- 

the three correct entriea» and not more than' one Inappropriate 

entry. . ■ 



Given four statements -concemif^ scientific models and asked \£> 
select the best descl*iptiai of scientific models, the student 
^plie^ the concept that scientific models are better, described 
as useful than as correct by selecting the statement that exenpli- 
f ies that concept . - " • . 



Given four statements, three of which are characteristics of a 
scientific model "and one of vrtiich is not, and asked to select the 
statements vrtiich are true of a scientific model, the student 
classifies as the characteristics of a scientific m6del 'that it 
explains observations, it can include a physical object or a set 
of objects, and it can be a mental picture by selecting at least ■ 
two of the three correct statements and not the incorrect state- 
ment vrtiich indicates that it. is an observation. 



Ol-Core-12 



Given a list of .ei^t substances, including at least two in each 
state of matter, and asked to classify them according to the state 
of matter in which they exist at 'room teirperature , the student 
classifies each substance' as' existing *t room temperature as a 
solid, a liquid, or a ga;^ by la)3elipg at least six of the ei^t 
substances correctly. 
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•When asked' tQ state two thifi^ a scientific model does, the Ol-Core-13 
student recalls that a scientific model (1) jpuggsats Important . ... 
questions, (2) explaUis previously; made observations, (3) suggests 
new experiiTBnts , and (4) predicts '^he nature of the results of new 
experiments by stating the notion of two o^pjbhe above four. . 

« 

When asked to state a definition for mass^ the student recalls the , Ql-Qore-l4 

definition that mass i^the quantity of matter in an ob^ct by ^' 
"esDonding to that effect. 




Given a list of five entities, at .least one of which is composed ^Ol-Core-15 

of natter, and asked to put an M after those thlng^s which are made C • 

up of matter and to put a'P after those things which are composed ^. 

of particles, the student applies the concept that ' any thing made , . 

up of matter is made "up of particles by de^slppating -those that he ^ ' _ > 

has labeled as being made of particles-, and only th^ose, a$ • •' 

being corrposed of matter. / 



mass . 



Given a list of five entities, at least one of which is rretter, 01-Core-l6 
and asked to put -an 'M after those things which have. mass and to ', 

put an X after those things made up of matter,, the student a p plies . . / 

the concept that all things composed/of matter have mass by ' ' 

de^ipnatjjig those and only those he labels ax^ being conposed of . . 

matter as having . mass .. ^ 



Given a statement that a particiolar gas ,ir. matter and at^.ked w^lat Ol-Core-l? 
he would have to show about the gas to prove that it is matter, 
the student applies the dpf Inition that matter is anything that- 
has mass by respondripg^^at he would ha vo'-, to show that the' gas has 
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Given a double-pan balance, a sot of standaid rrns^'.o-,, and two . ^ • Oi-Cor(--l8 

objects, each of whiose mass Is w.l,thlri the r'angf> of 1;lio l.uiL-'ince . 
used, and asked to measure the masr. 6f oachi of tlie specified 
objects, the student manipulates the l)alanco ;ind the r.tandard 
masses to measur'e the mass of each of tFie specified objects by 
stating the mass of each object accurately to within +0.-5 grain. .• 



Given a volume In cijbic centimeters and asked to state thie volume 01-CO rn- 19 

in milliliters, the student a p plies the rule that one ciijlc centl- 

rmter equals one milliliter by respon ding with tlio same^ nuirt)er, 

stated in m:lllllitor|. ' * ' • ' ^ 



Given a gra.duated cylinder and an unknown 'volume of liqu;.d which Ol-Corc-?0 
exceeds the capacity of th^ cylinder and asked to report the - , . 

O . ■ ^ . • ■ ■ ' U ■ 

ERIC . . 



volume of the liquid, the student applies the 'procedure for flnd- 
'ing the volume* of a liquid using sti^dard metric units by measur- 
^ and reporting the volurre within 5% of the value estahlished by 
the teacher. ■ * . - ' . 



Ol-Cfore-21 



Given a description Of -an Inflated object arid asked if the gas 
inside the object, is matter and to defend his response, the 
student classifies a -gas as matter by responding af flnmtively i and 
stating either that it has mass or. that' it occupies space or both. 



ai-Core-22 ' 



^piven a large beaker of water and an air piston, a small beaker, 
• Qr.a dropper and the directions to fill the piston, , beaker, or 
dropper with airland then put it into the water and create bubbles 
"and asked to identify, the state of the .natter coming out of the 
device, the student recalls that the aiatter inside a bubble is in 
•the form of gas by responding to that effect. 



Ol-Core-23 




01,-Coj^-2i< 



Ol-Core-25 



Ol-Core-26 



y . /■ ■ -. ■ ■ ■ ■ f 

Given a rou^ diagram of his science classroom or lab in a loca-' 
tion other than that, room and asked to identify the Usual ' ■ ' 
locations of sa.fety 'equiprrent , including sand'y the fire blanket , 
safety goggles, the fire extin^isher, and the flrst-add kit, the 
student . recalls the locations of the safety equiprrent by - ■. 
ipdl^c^tlpg on the diagram their normal position* in the room... 



Given ample opportunity to work with mat^erials' on a laboratory, 
activity of more th?in one" day duration and asked to observe the 
cleanup' 'period at the appropriate tim?, the student chooses to 
close thQ laboratory activity period pronptly upon "receiving 
notification of the time by immediately ceaslf} g .-the iaboratory 
activity, retqrr^n^ m^iterral n in usable, clean ionditlDh to • • 
storage places, and particlpaUng in work area cleanup, on at- 
least three separate occasions v^en being observed by the teacher, 
without his knowledgt. 



When as^d to work in the laboratory with fellow students ,. the 
student Ghoosea to cooperate with fellow students in the labora- 
tory by bein^; polite, waitipf;; his turn, being orderly whei^^ving 
about, and obse^^g the right of his classmates to work without 
beJjig unnecessarily disturbed',,, when observed without his knowledge 
by the teacher or anot^her. des^•g^ated' person on at least three , 
occasions. ■ • • ' 



When asked to^«work with the equlprrent and 'text materials of, the ■ 
TSCS course, the student chooses ■ to show personal responsibility 
for returning laboratory equipriBnt no longer needed to the proper 
storage, places , during the activi ty t^eriod by returning such equip- ' 
merit and materials to the desippated storage* places on at least 
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thi;:ee occasions when .observed by the -teacher or another deslggnated. / 
observer without his knowledge of being checked. 



As asked in the "Notes to the 'student" section of Probing the 
tatural World/2 to res'pond-.'ln writing to all' of the questioris in 
his lieaord Book, - the student chooses to wri)i;ie in his Reaord Book ■ 
ms answers to 90^ or more of the questions in -his textbook by 
ex|i^itinfe the written responses \tier\ the, teacher spot' checkis- to 
determine if he is doin^ so. . ..^ / . . • . : , J 



Ql-Core-27 



When working independently in th6 • laboratory , the student ohdoaes 
to show projier care and "use of'ISCS laboratory materials bV using 
the materials Onl^ for their intended puTpos^ or by renues'&ing . 
permission to do other specific experinents with them, when bXlng 
observed without- his knowledge by the teacher or anothe^"deslg^ 
nated person on three or more, occasiais . ^ 



01-C6re^28. 



V 



Given a list of^glish and metrlo^its and a -list 6f quantities^ 
of neasurements M asked to matda .-the proper unit*, in the metric 
system .to the quarfblties they measure , the student .classifies the 
ualt^that are used to express quantities of measurement in the* 
rretrlc system by ifiatching the metric units to- the quantifies they 
express in the netrlc system in at least foiSr of ^Ix ca^es; 



01-Exc 2-2-1 
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■ Given a descrlptlon ofva situation in which he is- on an Unknown 
•planet and asked to name two things which would deterrrlne wei^t ■ 
on th^t planet, "the student recalls that the wel^t of an object 
depends on (1) the„ mass of the' object, (2) the mass c5f the planet, 

• and (3) the distance from "the center of the planet to the otiject . 
by gtatjjip: the essence of . two of these. ' - 



01-Exc 2-3-1 



Given a list of four physical properties of a solid and asked 
which o-f them depends upon location, the student recalls that 
wei^t is depenctent upon location bV reelecting that option.^. 



01-Ekc 2-3-2 



> . 

Gl-ven a list of Iteim and asked which factors determine his weight 
■on earth , the student recalls that the .important factors detemln- 
Ing ari object's weight are the earth's mass, his m^s, and his 
distance, from.-the center of the earth, by s^J-eci^ing the entry 
involving those notions . ' ■ " ; 



Ol^c 2-3-3 
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Given two 'small transparent ^ars, one filled with a solid or a 
liquid and qapped-and the. other with air in it and uncapped, and 
asked to identify the state *of the matter, if any, in each of the- 
Jars, the student 'classifies air as a gas at room temperat.ure by 
stating that the uncapped Jar contains a gas. ■ ^ ■ 



Given a* description of a situation In which two people report 
different results for. what is claimed to the same experiment 
^d the argument that at least one of the experimenters must not 
ri-ave'dofte what he claimed. to have done and asked whether or not. 
they did the sams experiment and to explain his answer, the 
student applies the concept that when two sets of .experimental 
condltiohs are identical ; the same results are obtained by 
rtegatively and with the notion of that^ concept . . 



'Given a description of a situation in which a student won't drav/ a 
conclusion based on- one test and asked whether or not the 
student's action should be accepted and to state a reason for 
ficcepting or not accepting it, the student applies the concept - 
"that one valid test often does not provide enou^ evidence for 
drawing a condition by ^^pondlng - affirmatively and with the 
notion of that concept. 



Given an operational definition fi-om the "text for one of three 
gasos — carbon dioxide, hydro^n, and air — and asked if the gas 
could also be operationally defined as odorless, colorless, and 
tasteless and to explain his answer, the student applies the 
concept that' an operational deftnltlon for- a substance states a 
procedure for. detectjjag that substance by a^property or set of 
properties unique to it by resipohdlng negatively and to the .effect 
that the proposed definition Includes other gases, not Just the 
one being defl^ied. 



Given the names of twO fic-tltious gases ^ four reactions, three o-f 
which are alike, and an operational (^finltion for one of the 
gases written in terms of the three slMlar properties and asked 
if the'operationaUdefinition is a good one and to explal.n-bls 
•answer, the studeni applies the concept th^t an -operational 
definition must include a property or* set of properties unique 
to the substance being defined/by r^f^onding negatively and with 
the notion of 'the concept . ' . • 



Given a list of four definitions 'of Rpectflc substances, two of 
which are operational^ definitions, and asked to select the opera- 
tlonal definitions -in the list;' the student classifies any state- 



ment which tells hew a substance can be detected as ah operational 
definition of the substance by selecting both operational defini- 
tions . 



Given a list of facts about a substance, including a procedure for' 
detecting it, and asked to select the statement that operation^ly 
defines the substance, the student applies the concept that ^ test 
or s^t of tests specific to a substance is an, operational deflhl- 
. tion for it by selecting the statenent that describes a way to 
; detect the substance. • . ^ 

■-H 'Given a, description of a situation, in which two different sub- 
stances 'yield. identical results when each undergoes the sane two 
chemical tests and asked to give a- reason for the simller results,, 
the student applies the concept that different substances may 
contain the same kinds of matter particles and thus would yield 
similar results to the same tests b v. responding vrith the essen^ce 

' of that concept, i 



Given a list of four ^ses — carbon dioxide (CO2), hydrogen (H2), 
.vfldr, and an unknown gas — arid a table which indicates the results 
J^J^v testing each of the fair gases with linBwater, phenol red, and 
'd:- burning match and asked to identify each of the ^es on the 
basis of its characteristics, the student classifies the gas which 
turns phenol red to yellow, turns limewater cloudy, and does not 
support contustion as CO2; the gas whidh does not change either 
the phenol red or the limewater, but supports contustion as air; 
. the gas which does not change phenol red or linewater,. but 
explodes in a flame as H2; and the ^ which turns phenol red 
'clear, does not react with limswater, and does not support com- 
bustion as the unknown gas by matching the gases with those 
characteristics. 



Given a word stateirent of a cheMcal reaction and asked to identi-. 
fy the reactants and the products, the student classifies those 
substances. written to the left of the yields synfcol as 
-reactants and those substances written to the rl^t of the yields 
syntool as product^by naming the api^ropriate substances as 
'reactants and prooucts, , 



'Given a description of a .cbemical. reaction which names the react- 
ing substances and the products fom^ed and a^ked to write a word 
statement for the chemical reaction, the student applies, the 
conventions that- products ,are written to the right of the yields 

^syirtoolj that r*eactants are written to the left of it, and that '' 
each of the products and each of the reactants la linked to the • 



others by a. plus syrrbol by writing the word statisment in such a 
manner as to Include all of those c(iihventiOns . 



Given a list of fLve entitles, at least three of which are gases, 02-Core-12 

and asked tg ljlidlcate those things which are gases and those • 

things whlfl^ are matter, the student applies the concept that 

gases ■ are natter by l^abellng as matter anything he labels as a ' . 

gas. , .' ^ • ' • * 



# .. 

Glvea four reactions , all Involving a conmon reactant reacting 02-Core-13 
with different materials , in which three Of the ^reactions, produce' 
a' product, that appears^ to be the same but whlcl? additional testing 
shows to be- different in one of the three cases and -a tible show- 
ing the observations* of the additional testing and asked which of 
the different original reactants are likely to contain thej.,.same 
type of natterr paW;lcle, the student applies the concept ' that a 
set of substances producing the same product wh^ reacting with a 
comrrDn reactant is evidence that the set of substances all contain 
a comrDn matter particle by se;Lec1plng the original reactarlts which 
-react with a common reactant to produce a comm6n prodijiict as- 
probably containing the same type of matter particle.' 



Given descriptions of four sltuatlons^lncluding one in- which a- 02-Core-l4 

control :1s used, and asked to identify the situation in which a 

control is used, the student classified as a cohtrol that portion 

of the sample to be tested whi-ch is subjected to all the 

experimental conditions except the variation of the variable being 

examinedf by selecting; the situation in which a control sample is ' 

used, ' : . ■ ' 



When at'ked to give a definition of aontroly the. student recalls 02-Cdre-15 
the definition that* a control is a sample equivalent to the sanple 
belrjg tested to wlilch all the sane experimental conditions are • ^ 

applied except the variation -of the variable being studied by * • 

responding to that effect . ' , 



When asked to^ give a reason for losing a control in an experiment, 02-Core-l6 
the student recalls that a Control is used in an experiment to ., 
fielp identify the vari ablet' which is most related to the resulting. • • 

event or substance by i?esDondii;ig to that effect. ,- 



Given a hypothetical Mtuatlon in Which an uhkno.wrt material is 02-Core-l'i 
presented tp him and asked how to determine what matter part^leos^HI^'^ ^ 
make up the. material , thie student recalls .. that matter particles in 
a 9i4)3tarice can be Identified by using chemical te;sts on the sub-" 
_3,tarice by stating thie notion' of that fact. . ./ 



02-Cope-l8 Given the names of two Indicators and th« particles they Identify 

. ..^^ . 



the results of usln^ the indicators on each) of |^our solutions, and 
a list of four conclusions about the solutions , only one of which 
is supported by the data, and asked "to select the isonclusion 
conslstant with the data, the student classifies' the matter parti- 
cles present "in solutions by their reactions with the specified 
indicators by selecting the conclusion which is consistent' with , 
the^lpTifonmtlon about 'the indicators and the data. 



02-Core-19 ♦ Given the statement that there are one. trillion iJnown materials * 

and asked if the nuirber of different kinds of matter particles is 
greater than, less than,*- or 6qual to one trillion and to state 
evidence which supports his "choice, the studerit applies the con- 
cept that ^ the nuirber of different kinds of matter particles ^s 
less than the nurrfcer of known materiais by stating that there are 
, ' fewer kinds of matter particles than kinds of materials* and ^j^^^j^ 
it>^vidence that many of the materials he has tested contaln*the 
same 'mat ter particles. ^ # y * 



02-Ex5 3-1-1 Given data from Excursion 3-1 about the reactions of hydrochloric 

acid (HCl), lemon juice, and vinegar with a carbonate and asked 
• . what this tells him about^the HCl, lemon Juice, and vinegar, the 
■ stucfent, applies the concept that if a set of substances produces 
^ ^ Sthe same' "product when reacting with the same reactant, that is 

evidence that ,the set of substances all contain a corrmon matter' 
particle by st atii7 p; that the" three given solutions probably^^all 
contain a common matter particle. 




02-Exc Given a line df inquiry for which an experiment is to be proposed 

to answer a quest Ich and ar.ked to select the variable WhoSe ' 
variation is to^^be studied, the student applies the concept that 
In an experiment there Is a factor whose variation is being . 
stud:led as a result of the changes of the independent variatjle by 
^el,gGtJ^l^g the variable to be studied. • ' •. 



02-Exe 4-1-2 Given a problem and asked to state two varlab'les other than the 

^ Independent variable which must be controlled .if the results of an 
experiment are to be valid, the student applies the concept that 
In. experimental situations there are factors other than the , 
Independent variable vtioi^e varlatlai must be controlled if the • 
data are to be interpretable by n^^ ^ p ^ two such factors. 



02-Exc 4-2-1 .. .When a^ked to describe a, more sensitive test for Iodine than that 

• ' ' ' ' , of observing the gas.. pi^Dduce'd when an iodine-cc3ntaining substance.- 

• • ... .Is heated, the student repalls that a sensitive test, for iodine 
• -..^ " Involves"' (1) adding a chlorine solution ahd mineral fill to a 

-* 
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solution of the compound which may contain Iodine and (2) shaking 
the mixture until the released Iodine turns the mineral oil pink 
by i^-e^Dopd^p; In his dm. words with a description of those two 
operations . ' \ . •• 



\ 



Given the statement that thousands of sub&tances produce the same 
^products whfen burned and -asked what conclusloa he can make about 

the composition of these substances, the studefit applies the ^ 
• concept that^a set of substances Teactlhg with the. same reactant 

to produce the 'san^ products Is evidence* that -all of the 
•substances jjontalrt the «same elements* by responding to that effect. 



02--EXC 4-3-1 



\ . 



0. 
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Given a list of five entitles, at least one of which is coifposed 
of matter, and asked to indicate both those things which are made 
up of matter and those things which are made up of elements or 
con£)lnatlons of elements j the student applies the concept that all 
that which is matter is made up of elements or corrblnations of' 
elements by designating all entries that he has labeled as being 
coirposed of matter as also beiJig conposed of elements or corrblna- 
tions of elements. • ' 



OB-Core-l 



4» 



When asked to state the scientific term for substances vdiich are 
made lip of a single kind of atom, the "student recalls that ele- 
'ments'are substances made up of a. single kii:id of atom by 
Responding with the term elemnt. ' " . • \> 




03-Core-2 



' When asked to name the particles which make up an element-^the 
student recalls that atoms are the particles which make up as 

wi|;h the term atom . 



element by 



Given four diagrams in which different syrrbols" represent different 
kinds of atoms and asked to select the diagram which best repipe- 
sents an element, the student applies the -ccxicept that an element 
is composed of one and only one kind of atom by selecting the 
diagram containing only one syrriDol. 



Given a list of five entities, at least one of which is composed 
of matter, and asked to 'designate which entities are made lip.of 
matter and which entities are made up of atoms , the student 
applies the concept that all that which ls5 matter is made up of 
atoms by desienating all entries wh^ch he has labeled as being 
cortpDsed of matter as also 'being made up of atoms. 



Given a specified nuirber of elements and asked hew many different 
atoms are present in these, elements , the- student applies the 
concept, that there is a unique kind of atom for each element by 
;res ponding with the same rmbev of atoms as there are elements 
given. 



Given four nurrbers differing at least by 'an order of msi^itude and 
asked how many kncwn. substances cannot be broken down into other 
substances by ordinary ohemica\ means, the student recalls that 
there are about one hundred, substances vrtiich cannot be broken down 
into other substances by ordinary chemical means by ^e^L^ct j.ng the 
*eptry wl-iich .states that there are about 100 elementally substances. 



03-Core-3 



03-Core-4 




oi-Core-5 



03-Core-6 



03-Core-7 



03-rCope-8 



When askec^ to illustrate what he ml^t see if a piece of a 
specified element were tnagnlf^ed so that its atoms were vlsihai'e 
and 'to explain ^his illustration, . the^ student applieiaf the concepts .' 
tbat atoms are matter particle^ and that an element is conposed 
of' a single kind of matter particle by drawing a diagram that 
Indicates small particles identical In size and shape and explatln- 
Ing the concepts . . • - 5 . • 



03-Gore-9 



Given the formula for a conpouhd and a symbol for a specific ele- 
ment In the conpound and asked t6 state how many kinds of atoms 
^tter particles) are represented by that syirbol, the student 
applies the concept that the ^ynfcol for an element^ stands for Just 
one kind of atom by so responding . , " 



03-Core-lO 



03-Core-ll 



03-Core-12 



Given a description of a set of- nuts and bolts, their synbols, .the 
nurrber of units of each present , in a conjDination, and a list of 
five formulas and asked to select, the formula which represents the 
given conbination, the student applies the conventions for stating 
a formula that the synfcol of each element ih the conbination is 
shown and the number of units of ea6h kind of particle present in 
a combination is either Indicated as a subscript after the syirbol 
of the particle, to which it refers or not shown if there is only 
one 'unit of that paH;icle in the combination by s^le^tlpg the 
correct formula. 



Given the syrrfools for two types of nuts and two types of bolts and 
four, formulas involving these symbols and asked to state the total 
number of particles represented ih each formula, the student 
applies the concept that In, a formula, a sjnrtool represents a 
single particle and a subscript after the syirbol Indicates the 
presence of two or more particles of that type by responding 
correctly In three of the four cases with the sum of the sub-' 
scripts, having assumed aiy unwritten subscripts to be one. 



Given a nut and bolt formula with a coel||jj£ient and identification 
of the symbols used in the formula and asKsd how many particles of 
a particular: kind are present in a unit of the combination, how 
many units of the combination are shewn, and hew many particles of 
a particular kind are present in the total number of units of the 
combination, the student applies the conventions of numeration in 
a formula that a subscript following a symbol shows the number of 
particles of that kind present in one unit of the combination, 
that the coefficient represents the number of units of the coirbi- 
nation, and that the mathematic&i product of the coefficient and 
subscript is the total number of particles of a particular kind 
in the total combination by stating at least two of the three 
numbers correctly . , " . 



^1 ; , : „— . 

- Given two fomulas and asked how many different kinds of particles s 03-Core~13 
each forroila represents the studeht appljegi the rule that tHe 
riunber of kinds of particles represented Jil a ^rmula is the same 
as. the nuntDer of different atomic synbols by static the correct * 
hunfcer in both cases. ' 



Given a key for the synbols for two kinds of pins and two kinds of 03-Core-l^ 
. buttons and diagrams of two conbinations^of these pins and buttons 
and aSked to wirite the fomilas for the oonbinat ions, shown, the 
studait applies the conventicnfi of chemical formula^ writing that , 
the elements present are represented by their synbAls and that if. 
the number of atoms "of an. element in the confcination is greater 
than one, the number of atoms- is dei>oted Jpy a subscript after the' 
synbol of the element to which it refers by so writing thfe formu- 
las for the pin-button corrbinations given, s . . 



Given a graphic representation of a chemical reaction which ji^es 03'-Core-15 
pins and buttons" and asked to describe the reaction in term^S qf 
synbols and numbers, the student applies the conventions of 
chemical formula writing by using J:he" proper syrrbols and by plac- 
ing the nunber of specific units before the synbols of the parti- 
cles in the unit and the nunber of a specific type of particle 
within a unit as a subscript after the symbol that represents the 
particle by writing such a marber and syirtDol description of* the 
resection. 

■s, 



Given a nut and bolt (molecular) fomiila and asked to use the „ 03-Core-l6 

formula to state the order and t\9f spatial arrangement of the 
particles in the conbination, the student applies the concept that - 
a chemical (molecular) formula does not give the drder of the 
atoms, by responding to that effect. . . 

■ ■ '!» 

Given options of three nunbers' between one and ei^t, a conbina- 03-Core-17 
tion- of two of these, and a conbination, of all three and sisked to 
:^ select the option, vrtiich represents the nunbers of -kinds of atoms 
• that a given substance may contain, the student applies the 

concept/that it is possible for a substance to be composed of one 
. or more kinds of atoms by selecting either aH the numbers glvftn , ' , 
or the option which includes all three. , 

■ n >' 

Given a description of a situation and statements o^ two posi- . 03-Core-l8 

■ tions ~ (1) that each of thd tftlllions of existing substances is 
conp^sed of a unique element (particle) and therefore the elements 
in a particular specimen are inpossible to identify and (2) that 
it is possible to Identify the elements in any- substance — and 
asked which position he agrees with and to explain why that posi- 



ERIC 



tion is correct, the student applleg the^concept that all matter, 
is conposed oy about one hundred elements ^or corrb.inatiDns of them 
by 2a^SiflfiH*^h the second position stated above and exolaJi^^pp; 
that th'e variety resillts from the many cont)lnations t^hat can be 
made from approximately- one hundred elements. 



63-Core-19 , Given that the atomic model assum9s all substances to be made from 

a small nuiber of different kinds of particles and asked how this 
can be true, the student recalls- that the many known substafltces 
- " * are made from a small nunfcer of different kinds of particles /*Ln 

different cortoinations by sta^tlry the effect that notion.* 



03-'Core-20 Given a description of three substan6es, each dissolved into a 

• liquid, and asked .what t^rm descritjes the resulting, mixture, the 
^ student clafesifies as solutions ^ijixtures formed when one substance 
9 * dissolves into another by respondlpp; with the term solution. 



When asked what happens to a given solid substance when it is 
stirred with a clear liquid and disappears., the student recalls 
that ^ solid substance dissolves, or goes into solutlai, .when it 
disaippears in a liquid by respond^n^ to that effect. 



03-Core-21 



03-Core-22 Given the- mass of both a liquid and a dry solid and the masi of a 

solution and ^sked if the nurrber of atoms increased,, deoreaspd, or 
remained the same v^rtien the components of the two were put into 
solution and to explain hirr"ansv/er, the student applies the con- 
cept that if the mass •of a material which, undergoes a phys.j-cal 
qjiange remains constant, the nuirfcer of atoms in the material is 
unchanged by selecting the phrase which indicates that the nunto^r 
, of atoms remains unchanged and stat;Ln ^ the effect of the concept. 



03-Core--23 Given, a description of a situation in which ^ sample taken from a ' 

beaker of liquid proves to contain a dissolved substance and^ asked 
Whether other samples from the beaker could differ and to explain 
his answer, the student ^plies the concept that a solution is 
uniform througjiout and therefore all other samples would contain 
the same substances by reSDor^dif^ negatively and in effecrt that 
all sanples would contain the dissolved substance because a 
solution is uniform throu^out. ' 



03-Corer24 . Given a sairple of a solid apd asked to heat it and to record any 

charigefe- that take place, the stident applies the safety rules for 
heating a substance in a test tube by polntl j ^ the test tube away 
from himself and other students, us^jr^ a test tube clarrpj rr pvln/j; 
- the test tube back and forth Iri the flarm,'and w^^j^iij; safety 
glasses; . ' ' , ^ 

"1-^^ / . ' ' • ■ ■ • 




Given a description of a chemical reaction"' in which the products 
are visibly very different from the reactants and asked what . 
happened to the atoms of the reactants to' make this 3CV, the stu- 
dent applies the coKiep't that a ' chemical reaction is a process in 
which the atoms of the reactants are recorrbined in new corrbina- 
tions by respo)r^d;Lp^ to tHat effect. j^"" ■ 

Given a description of a situatiorf.in which two elements, one of 
which is known to^be very active and one &bout whidi nothing is 
known, are .heated and no reaction occur? and the conclusion that . 
the unknown element won't react with any element because it does 
not react with the active element and asked to state whether, he 
agrees with the conclusion and to support his response, the 
student applies the concept that individual elements do not 
necessarily react with all other* elements by responding to the 
effect that he disagrees wi^h the conclusion and stating the 
notion of the concept. . /*■ 



Given a reaction, the nuiiber of atoms of .a specified element in 
the reaction, and five numbers, including the nurrber-rof atoms of 
the element that reacted, and asked how many atoms of»the reacting 
element _^are found in the products, the student applies t/ie concept 
that the number of atoms of an element remains unchanged during a 
chemical reaction by selecting the sams'nurrber of atoms kniown to 
be present in the reactants as the number present in the products. 



Given the statement that solutions, of AB and CD react to form a 
solid BC and asked to state a way to tell whether all the atans of 
C are used up in the reaction, the student applies the procedure 
for .determining whether the atoms of a specified reagent are used 
up in a chemical reaction by resppndilng to the' e'ffect that he 
would add more of the reagent AB and if mors BC foiTHS, he would 
know that the C atoms are not used up. • - 



Given the -equation for a chemical reaction and the' total mass of 
the products formed and a^ke"d to tell whether the total mass of 
the reactants used was greater than, equal to, or less than the 
mass of the products and to explain how he knows , the student 
spiles the rule that in a chemical reaction, the "mass of the 
products is equal to the mass of the reactants by selecting tl^. 
option wliich says that the- mass of the reactants is equal to the 
mass of the products, and st^p,t;lp^ the essence of -the rule. 



Given a list of nine legitimate statements about how the- elements 
were named and the statement that the elenents were named sy.stem- ' 
atically and asked to selectxal'l the statements which account for 



" . . ■ ^ • • •' 

the variety of element names , the stucjent sppilles the concept that 
^ the wide variety of kinds of names of the elements is the result 

©f using many name sources and not the reSftit of a. deliberate, 
systematic naming process by re.tecting .ttte statement that the 
elements were systematically named and selecting any five or more 
of the other statements. 

03-Exc 6-1-1 " Given a description of a situation in which a known jnunber of 
^ ' particles of a substance are dissolved in a known volume of a 

^ liquid and asked how many particles would be found in a small 
sample of a given volume of the' solution .and to tell how the 
particles are distributed in the solution, the student applies ' 
the -concept that vrtien a substance dissolves in a liquid, the 
particles of the substance are distributed evenly throu^out the 
liquid by determining the proportionate nunber of partlXJles In the 
■ small sample ^and stating the concept . 

03-Exc 6-2-1 Given descriptions of four situations, . each ot" which describes 

any phanges which take place when solutions ^f two materials at 
the same tenperature are mixed, and asked for each situation 
whether a chemical reaction has occurred and to tell how he knows,' 
the student applies the rule that a chemical reaction has occurred 
when two or more substances are mixed with 6ne or more of the 
following results — (1) the color changes, (2) a gas is formed, 
(3) a solid is fonred, or>(4) the tenperature changes — by 
rpanondlng that a chemical reaction has occurred in cases in which 
at least one of those changss is observed and by citing for each 

• t c^a«r any of the chants which occurred. 

. ■ * ■ * ' 

03-Exc 6-3-1 Given a statement concerning two solutions, AB and CD, whioh 

reacted ta form a solid AD and asked to describe a method to tell 
v*iether all the D atoms are used up in the reaction, the student 
^ applies the laboratory procedure for determining whether or not 
the atoms of a reagent are used up in a chemical reaction by 
rpanondlng to the effect that he would add more AB ajrid if more 
' precipitate formed, the D atcsTis were not used up. ' 



2 I 



Given two equations, each involving the reaction of a different 
set of two plements to form conpounds, and f^^ur additional 
equations, representing hypothetical reactions -^d using the 
elements from the original equations, and asked if he agrees that • 
because thevtyo original sets of elements jo&acted, that the four . 
hypotheticiSl; reactions therefore must occur, -and v*iy, the student 
. applies the concept that 'not every element corrbines with every 
other elqm^nt by ^ i l^f^ p y^^^ jlFi ^^^h the stated position and stating ' 
the notion of the concept • - 



04^ore-l 



Given- five" plausible answers to a problem A vdiich the volumes of 
two samples (A and B) of a solutipn'apd the nurrber of atons pf the 
solute in the smaller sairple (A) are specified and asked to select 
the nurrber of atoms of tl^e solute in the other sarrple (B) , the 
""student applies the concept that the ratio of the atoms in two 
sairples of a solution is in the same ratio as their volumes by 
selecting the answer given by the following formula: 
specified volume of unknown ^ known huirber ^ unknown nunber 
specified volume of known of atoms of atoms 



Given a description of a reaction which Includes the nurrber of 
particles reacting and the units of product and the nunber of 
particles of one of ^he reactants foP.a second case* and asked if . 
the nunber 'of particles of the other reactant and the nurrber of 
units of product can be predicted for the second case and to 
explain ^his answer, the student applies the law of definite compo- 
sition (combining' proportions) that in conpounds thQ atoms of 
different elements are conbined with each other in definite ratios 
(numbers) by resp,cyiding affirmatively and stating the effect of 
'the law. * . * , • 



04-Core-2 ^ 



04-Core-3 



Given four nut and bolt corrblnatlons involving Just one type of 
nut and one type* of bolt, the elemsnts which they represent, and- 
the fact that equal volumes of two solutions of equal concentra- 
tion of the specified atoriB are reacted and asked which conbina- 
tion^ would leaS 1:o the prediction th^t^there will be excess 
particles of -a specified elemen^, the student gener^ es correct 
predictlonB of excess particles from the nut .a^id boA corrblnatlons 
by s^lectinp: those and only those corrblnatlons from which 'excesses 
can be^ predicted . ^ 



Given a statement Jttiat two solutic^ , AB and CD, react to form a 
solid AD ,ajid askfi^dtcJ state a way to determine if all the D atoms 
'of solution CD are ^eacted in the reaction, the student applies 
'the procedure for^ dSterminirlg' whether or not the atonp of a 
specified reagsipt are u3ed up in a chemical react lop as adding 



agent 

^7- 
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mare of th6 other f^agent or reagents and looking for ^ evidence of 
further reaction by responding to the effect that he would add 
more AB, and If more solid fonns, the D atpms, were not used up. 



Given a quotation from Chapter 7 or-the tejsfc, describing ■ an experl- 
rnent v^ilch instructs that measurement must' -be made quickdy to 
avoid a change in the product^and asked to,. state j^fehe variable 
that these directions are tel]j?«g him to control 4f hla results* . 
are to be valid, the -studenf classifies, time as. '^he .'Variable 
whose 'varlati ens must be controlled if the data, are to be valid' iSy 
stat ^ inc; that time is the variable' in question. / ' - - 



Given a statement that a solution of A''is added pQ a solution of _ 
B. which l^aot to f grm 'a gas ■ and asl^ed td describe a method for 
telll/^g if all the B particles are',used up in the reactiai, .the 
student applies the procedure of adding more of the other reagent 
to determine if the partioles. of a reagant are used ilp in a gas- 
producing chemicals action" by responding to the effect that he 
would add more of r^lht A; if -more gaB fonns, the partioles of ' ., 
the reagent . (B) being checked are not. used up'. ■ 



Given an appropriately labeled' grid and-v^'data tabl^stor^^x . 
reaction trialfe of a, single, chemical syste^w involving rwo re^c-* 
tants,. showing for each trial the varying atrbunt^ of reacWit A 
which are mixed with a fixed ,amount ,of react ant B and the anpunt 
of product folTTBd in each case, and asked to sta,te^ fot' eaCh"" 
reactant in which trl.als it is In excess, the student applies tp 
riAle of definite Gorrb^ining.nuntoers ^ratios) —jWhen a -reactant... 
has been ej^iausted by coirbining in a definite pr*opoPtion,-^the 
reaction. stops — by selectliig; >the cases Whiph reaetant'B is 
in excess as those caBfes in which a fixed indrea^e in.^the amount, '■• 
of reactant A pTOduces a prqpor^tional change in the aiAqunt. of the 
product and the, caii'es.. In which reactant A is. in excess as those 
in which the propprtional difference in the amount of product. Is 
not observed for a fixed amount of increase for r^aptant^A. : '.. 



Given a stat^nent that substance X is a conpoimd and asked td> 
define aompound as it is used in the sentence, the studertb recalls 
the definition that a conpound is a- substance^ which** is conposed of 
more than "fone kind of atom conlDined in definite nunbers Ipy writhing ' 
the definition of aopipound. 



Given pictures Of two pin and button conbinatlons identified as ' 
representing conpb'unds and a table of the Individual pln^button 
syirbojts and asked what each of the four individual synbols ' •. 
.represents , the student classifies the individual pins*^ and buttons 
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in the graphic representation of a compound as representing the' 
<5lements .or atoms wtjich make up the conpounds bv responding 
either "ellirient" or '"atom." . . 



Giver)- a description of a situation in which a scientific model ■ ■ ■^ Q^-Core-11 
.'>3cplain3' all. the observations made, to date abait a certain ' .... . .. . • / .. . 

■ phenomenon and the developer's claims that all other proposed - ' 

models are vnrong and asked if he agreed or disagrees with the 
, developer and to explain hig answer., the student . appliftA the. 

concept that there can be more than one model for .a set of 

•observations tfy disagreeing and stating the cortcept. . ' * ' 



T 



, ■ " . ; ■ ' 

Given a. story in which all the atoms in a material are exactly M-r-Core-l? 
alike and 'asked to stat^ the kind of material involved in the < , " • ' . . ; 

st(5ry, the student classifies matter which is conposed of* one and 
only one type of atan as an element., by so " 



Given four statements purporting to ]?e characteristics of the " 0^-Cpre-l3^ 

iTDdels of science and asked 'to select the statement that .best 
describes- scientific models, tfte student recalls that the models * 
scientist? u5e are better described, as useful than as correct by ^ 
selecting the statement that agrees with that concept • 



9 



Given five possible interpretaticJns of what it means for a mocjel ' 04-C;6re-l^ 
to be accepted by scientists and asked to select the. best int9r7^ w. 
pretation, the student applies the. concept that acceptance of a 
^modiel Inplies only 'that it explains most observations made to 



datQ by selecting the entry Involving explanation or^ observation. '■ '\ 



^ ^ ^ . ^ • . . O^-Core-l^ 

Ghaptef* 8 whether atoms Cornbine with each 6ther in defifiite 
nunters and asked ^why it was necessary to answer the same, .question ^ ' 

•twice, the student applies the concept that a single- case often ' 
does not g:Ive Sufficient evidence upon which to base 'a conclusion 
resD9ndlng to that effect. * * , 



4 



Given a chemlT^al' equation labeled as a system and a list including O4r-Core-16 
two- subsystems, two corrpon^nts , and the entire system and asked 
to indicate which of the lighted entities are conponents of the ^ ^ ■ 

system, the stuc^ent classlHes individual elements or compounds 
as corrponehts of the system by ^electinp; the -two components. ^ • 



. Given a. (5hem3.cal equation labeled as a system and a'^lisf including . 0^l--Co!re-17 
^three 'Subsystems , one component, and the entij'e system and asked 
to Indicate v^ich of the listed entities are ^systems of t'he 
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system, the student ' clgiaslfles as a subsystem a group- 6f . compo-», . 
nents or a part of a system being isolated for study by seiectlnt^ -. 
at least two • of the • tbr^e groins' 'of corrpqn6nts which are less than 
,the whale system/ , • ' • ■' . 



04-Ooj:«-18 . Given access tb an^ alcohpl burner, 'a 250 ml beaker, a bxujnen^ 

^ . " support stSan^l, a Ce'islu?' thei^ 

record the terrp^rature of a specified amount of water every' TTilnute% 
while heating.it for; three min.utes, the student' manipulates the ^ 
thermometfer, using the aec'epted procedure of (1) piaclng the 
thermometer intb the water so that it doe^; not touch the "bottotn of 
the Weaker, ,(2) waiting for the- fluid in,1;i>e thei^meter to . ; 
. ; ■ adjiipt, (3)' putting his eye level with the to'p'of'the .fluid when 

taking a reading, and (4) reading the ternperature- with the bulb > 
■ ■ ;-of ttie .thermometer submerged 'iDy nerforTTilnfi^ these operation^ and 

reporting the temperatures "to 'within l^C of the values read by an- 
' , " obs^erve^. . ' 



04--Core-19 '■ Given a description of a situation in which an enplrlcal ratio for 

thB atoms of two elements -is given and aske^.if he agrees eJLther 
that (1) the cqirfcining ratio for«"these two elements remains-' 
■ • constant' whenever these elements "pcjact or that (2), the ratio, 
varies with the '^Inlti^L quantities used IVi each trial and to 
' explain his* choice, the^tufient applies the rule ,that atoms com- 

t^. bine in definite nuirtoers Tratios^ bv lr\(^Qating t^hat he agrees 
with the rule that atoms corrtoine in definite nunbers (ratios) and 
by stating the essence of the rule. " .. 



04-Core-20 Given access to a double-p^ balance, a gram mass set, sheets of 

paper, a wopd splint, and a granular material and Risked" to msasur^^ 
out X 'grams of the material, the stuofent manipulates the materials 
aoQordlhg to the procedure in which he (1) placeS approximately 
equal amounts of paper on both balance pans, (2) zeroes the 
balance, (3) places the X-rgram mass, on the paper in one pan, 
(4) deposits the solid. a little at a time oh the paper in the 
V ■ other pan until the ppinter is at the zero position, and (5) re- 

• moves the papers and gram masses by Derfojryiing each' step, as 

Indicated, to thp satisfaction of the observer. 



04-Core-21 • Given access to -5 stirring rods, 5 test tubes, and a series of 

^ ^ \ ' solut:tOns and the UlrectiOns to mix five conbinations of them in 

different test tubes and asked to estate for each mixture whether 
■ a cherridal reaction has taken place and to give evidence of 

reaction .when it occurs, the student appJ^es the concept that 
whfen two solutions . ai?e mixed, there is evidence that a chemical 
reaction has takgn place if (1) the terr?)erature changes, (2) the-, 
color chbqge^CBr"^ gas i^s released, or {h) a- precipitate is 



:tprtfe4 by indlGal^lny that a reaction has Recurred when one of 
'ti|i63e-'ls- observed 'ahd by cltjlng the observed evidence. 



— — : — T"^" — — -.'-w ^.. . . ^ — 

Given descriptions, of four situations , Including any changes OA-Core-22- • 

which take place when two- solutions at th^^ same teni^eratiJire are , . ^ " 
mixed, and asked in^ach -case 4^0 tell whether a inaction has ■ .., ; • • '• 

occurred and to "cite evidence of a- reactlpn where it . occurs.,,', the .. , ' » 
student applies 'the rule that when two or more substances are . * ' • v 

mixed, there evidence that a chemical reaction has occurred If ' , ' \ 
§t least one of the following occurs: (l) the terrperature ' 
"Changes, (2) the color changes, (3) a gas is formed, or*(4) a . ..„-.. 
'ireclpltate is formed by stating whether or not a reaction has. 
Occurred and by citing any of those characteristic 6hanges as 
evidence o* th^ reaction. j 



* , 

Given a description of three trials, each involving the addition 0i|-Cor!3.-23 
of ja fixed arrKDunt of reactant A to three sa/nples of reactant 
whose masses are sufficient to produce lefti)ver C atoms and. the ' . 
masses- 'of the product AC and. asked why the amounts, of product AQ ,. . . 
■ are the in<.each' trial, the student '" applies the ' concept that ' '. y , 

substances confc'ine. chemically ii}» definite numbers (■ratip3).by ..' " 

: to the effect that the amount^- of the prodi^ct TVd 'are. ■ . - - > . 



the «ame ih e^ch trial because the amounts oT reactant A used ' 
are'; the sane in each trial aj:;d. react^ts always combine in 
definite numbers (ratios); . " • . ' . ' ^ 



Given the nanB and. the ^ymbpl of a variable -and asked what, he . • .:Oj-Core-24 
Would neasur^ if he we^^.asjked' to measure 4 variable y the student 
classifies, the measur&nent, of a variable as the measurement of .a . . . 
rhPihfrp in/the .variable .bv sO statinp :. . ■ ♦ / " ' 



Givi&n the stateirent tYyat tw6 3oliSllons,'A and C ,•• re'^cted- tb pro- . 0il-Cdre-'25^ 

duce a temperature change. and:;^ked to describe-fia m^t^QSi- ta^ t . / 

if -all the C particles were uiSed up 4^ , the reaction, lite student . V 

applies the procedure of adding more of the ' other .t^,ageht or ' ' ' ' . " 

reagents to determine wither the particjl-fes of •"a, reagent are used. 

up in a chemical re'actlon which gives off heat by responding ' to . , 

the effect that he would add mDre oC.fche.reagsnt not being tested. . ' . 

for (A) and if a » further temperature Increase results, he kn^s 

the p. particles were not Used up. , ; .. . •• ' 



L 



1- 



Given three samples containing two elements and. the ratios of 04-^Core-26 

different, atoms within two subsamples frOm each of the three, 

samples , the ratio ,of atoms of one eleiBent in a subsample to those 

of the' other being different for 'two of the three' sanples and 

identical. in the ahird sample, and ask|d which of the three, sampler 

represents'''"a 'single corrpour^d a-id how ne. knows, the- stUdent ' applies. 
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. " * * the concept that|when elein^nts'corrblne to form a compourKi,. they *, 

contflne In definite, nuirbers (ratios ) by aelectd^g only the, aajnole- " - 
vDnose subsairpies have Identical numbers- (ratios) arid statJ^ the 
essence of the concept. . . - i'' ^- 



04-Core-27 Qiven a balanced equation written In symbols and. words and asked 

how many atoms of each of .'two spfeolfled elements are present . 
Qlther In the. .reactants or In the products', the student a pplies 
• 1 thje rule that thj9 nuntDer of .atoms of an. elemsnt (X) in .a specified 

• , . . nunber 'Of unlt^. of ^a fortnula .(iiX^-Y) Is th>e product of thfe co- - • ^ 

' efficient;.. C^) of "tjhe formula and the subscript after the elerrBnt 
(^) by resDonc^lrig With the indicated product. 



0A-G6re--28 Glyen a list of visual observations made, before and affc^r a 

reaction Involving two solutions anc3«the partldles In the reac"'* 

■ • ^ tants and asked what occurred during the reaction to cau36 these * 

changes, the student applies the "concept that in a chwiltfal • 
reaction the particles of the reactants are recorrblned 'to form 
different substances (the products) by resopnding .with that ^ 
notion. " ^ . " 



04-Core-29 Given an equation for a -reaction in wjilch the produ6t3 (Jdfttaln " 

7 * ^-'^ , . elements not present in the origlnfitl- reactants ^ and asked if thS- 

reaction is possible and to: explain his 'answer, the stucient - 

. ■ ^ applies'; the rule that * in .ordinary chemical reactions, elements 

y ^ X. ^ ^ in the re;SfCtant3 and- products are the same by re3bo^;^dlhjg to the 
■ ' Veffect thcit .the reaction could' ih^ot occur because thei^ a^^ ele- • 

■ ; ments in the. productsc-that are. c^ffer^t prom tlpiose In the ^ 
* . reactants. ' /] J. ' ' ^ ' - v' 

04-Jix:c 7-1-1 Given a graph of the amount of a product plotted against the. 

• ^ . amount of a reactant and asked whic^^ .if eith^t**; of tw'6"extrap- ' ' 

olated values, V one just beyond and a second cons iderabl^.^b^yond 
the range rof the ^ data* plotted, ±^ lesg reliable ^ and why,, the"'" • 
. ■ student applies the concept 'thgit extrapolated Values which ai^ 
considerably beyond the ranges of plotted &ata -cf more / 
' \ ^ questionable reliability than values nearer the . given data rang© 

\ ■ . because the relationship between the. variables may change oyel^ r , 
i the wide range by Indlc^tipg the extrapolated value farther from . 

• the plotted data to be .weaker and, stat J^ng the notion of the- 
concept , . . ' * ' " ■ • - 



04-Exc 7-1-2 Qiven a grid with labeled and scaled axes^^d six coordinate . 

pairs in 'the form of a data table and qaked tq plot the data and 
draw the best- fit lines, the student applies the process of 
plotting the points on a grid , and drying tfie best-fit lines 'by\ " 
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plotting the points and drawing the lines such that, the 
Shews the Intersection of two strsSL^t lines. 




Given six graphs and asked, to select those ^rafdis which shj)W that ' .O.^-Exc 7^1-3 

when. one- variable increases, the other vairlable also ■inc5j?^a3es, v * 
. the student classifies graphs whose , lines ,rise ; from left ^o .r^.^^t . ■ ^ ; ;-. 

as graphg showing-the 'relationship between two variables tJiat. ' 
'vaiy with one another by selecting the gi?aphs vrtiose lines. .rise 

from lefb to ri^t , i ]"■■.' ■ 



Given six strai^t-line graphs and. asked tb select all the graphs , 04-Exc 7-1-4 
which show ope variable remaining constant v*illte the other in- .. - •.. 

creases, th6 ^student classifies, ' graphs with a strai^t Mhe 
parallel to oie of' the axes as those In vrtilch one variable . 
remains constant while the other increases bv ^electing those , 



graphs. 



Given a graph of the amount of product versus the amount of ' 04-Exc 7.-1-5. 

reactant ani asked to extrapolate and Interpolate values of one , . 

of the variables vihen given values of the other, the stud<?nt , > " 
• applies the procedure foB extr^latlng and interpolating from a • ■ 
graph' by renortlng the coordinate values asked for to +Q.5 of .a 
scale Interval of the grg^h. \ . • . . . • 

■ ' ■ "' \< ' . ■ "' 

Given five beakers containing equal volumes of water and varying 04-Exc 7-2-1 

airtDunts of solute and asked to order the solutions according to 
their concentratlorjs ,' starting with the least concentrated, and 
to Indicate which of two specified solutions has the greater- 
concentration, the student classifies the solutions accqrdlng to 
their QoncentratAon (the amount of solute per unit of solvent) by . '• 
prderln^ them according to increasing concentration and :^ndiQating 
that the solutl,on ccntalning the hl^er nuirber gX*ams of solute 
IS' the more concentrated. ■ • . ^ 



,■•11, 



Given a volume of solution and the nuirber of grams of solute in , 04-Exc 7-2-2 
the .solution and asked- to state the c^Jncentration in g/ml,- the 
student applies the rule that to find concentrations j divide the ■ ' • • 

wel^t of the solute by the volume of the solution and report the . . ^ . 
answer in g/ml by stating the concentratlm correctly. 



4 



Given the total volume of a solution and the number of grams of 04-Exc 7-2-3 

solute in . that* total volume and asked to state the number of grams * 
of '.solute present in a stated sample of the total solution, the 
student applies the formula that grams of a solute in X volune of 
a solution equals X volume of the solution divided by the total 



' volume of the solution times grams of the solute in the total 
" . ' solution by reporting the nunber of grams of sol^ute determined by 

substituting the values of the problem in that equation/ 

. - — ' I • • '■ — ' — — '■ — ^ 

O^l-Exc '8-1-1 Given a 250 ml beaker, a Celsius thermometer, and water and asked 

to record the terrperature of the water, the student yianlpulates 
* , / • the thermometer using the accepted procedure of (1) placing the 

the^mcmeter into the water but not touching the bottom of the 
. /• beaker, (2) waiting for the fluid in the thermometer to adjust, 

(3) aligning .his eye wit^h'.the fluid level in the theimometer ^en 
- ^ ^ ' taking a reading, and (^) reading the terrperature with the, bulb 
^ * .of the thermometer submerged by performing those operatiai.s and ' 

• ' rebprting . the tenp^atur^ to. within +1^C of the value readt>y the 

teachej^. or observer. . • \ , ' ; 

■ • ■ • . : . • 

in*' ■ • ^ ' " * ^ * 

OA-Exc 0-2-1 Given the Information, that solutiois of two chemicals ai:^ mixed, 
, I an equation showing all of ^ the observed i^eactaftts' and' the sqlid- 
, . ^ product., fonned, and information that someotlfe h.as predicted another 
product and asked /to'; state where, that ^ product dan- be and how it 
' can be recovered, the student appl3,es the concept, that unseen ' ' , • 
" * products are often -dissolved in a solution and ai;?^- recoverable 

... by ev^oratlng the solvent. by naming the.SQlutlon 'as containing , 
^ ■ \ ^ ^ the other product and eys^orsttion, o.f "the solvent the way' to . 

*' get the product. ^ . ^ . . . , ; . • . ' , 

— — , ' " : ' ■ : ^ . r - 

O^-Exc^'S-S-l ' Given that a specified group of atoms acts as a 'team,' a reactibh -. 

involving the team, and a list of formulas involving paif*b9' or all 
of the team and asked to select the- formula vrtilch would'be 
product of the reaction, the > student . claaaifl.es the foimila which 
^ contains the atom team, intact as^^ the only possible produdt of the 
reaction ,by seleot^jlng t^e formula containing the entire atom team* 



Given a diagram of Activity 9-3 and ask^d why the activity must be 
dohe using distilled water first instead of putting a copper sul- 
fate (CuS02|) solution directly into the beaker, the student 
applies the conqept that a control is used to determine if it is 
the variable being investigated, rather than some^ other variablfe, 
that is most related to the results observed by rpy^nnnding to the 
effect that it is necessary to use the distilled water first and 
then the CuSOm solution to show that it -is theXuSOji^, not the 
water in the dolutiai, that conducts the electjra.clty. 



b5-Core-l 



Given a diagram, of Activity 9-3, a reminder of. the conditi6ns of 05-Cbre-2 

that activity, and a list of four termS' and asked. to select. the . . ; 

term that applies to materials .or procedures , used in the^way that • . • ; 

the' distilled water was used in Activity ,9-3, the student . -' - 

classifies as a control the sample vrtiich is treated in the same ^ 

way as the experimental sanple except* foe ;the variable being ■ • * ' 

t^steci by 3e;].ecting the term pon-tt>ol, \" - ■ . • . . ^ 



Given a diagram -^^d^, 9*(Sescrlption. Of -a situation' in which the 
chai?ees. on the electrodes in an l,bnlc 'Solution arejreversed and . 
asked vriiat\effect .this will have 'on the ion flow, the student 
applies the concept .'that ions of a given chargs mye toward a rod 
(ari electrode) which is oppositely chargsd^ by r^sporiding that 
reversing the chargea, on the electrodes in an ionic solution 
, reverses the direction that the ions flow. - . - ' 
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Given a labeled diagram of two carbon rods in a solution and asked 
if a certain type of ion will impve towards one of the reds arid to 
explain his answer, the stude/^t applies the concept that ioris in 
a solution move towards an el'ectrede if, and only if*, it i^ 
charged as -part of an electridal cir(^it by r^=^p9n'ii\liP^ negatively 
and that there would be no motlion because" the electredes were 
unchanged (or unconnected). 



Given that two objects attract each other only after they, are - 
rubbed together and three 'possible explanations for this and asked 
'to select the explanation for the objects' attracting each other 
only after being rubbed together, the student applies the princi- 
ple that some objects can be given opposite charges by rubbing . 
them .together .by selecting the statement which agrees vdLth.the . _ , 
principle. 



05-Core-4 
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Given an illustration arid a description df a situation in which 
electricity is flowing, threogi a. solution, as indicated by an 
electric motpr operating in the testing circuit, arid asked to 



05-Core-6 
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state what lAnd of particles are present in the solution and to 
explain his answer, the -student applies the concept that ejiectrlc- 
ity win flow throu^ a solution only if ions are present in the 
solution by p^^spf^pf^irip that ions are present in the solution and 
with the notion, of the concept. 



• 05-X;ore-7 When asked to state the names of the two types of electrical 

. " charge, the student recalls positive and negative as the tvp types 

of electrical charge by stating the tevnk positive and"mgatii)e. 



05-Core-8 
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. When asked to state th6 i^ile vihlch descrilbes how two objects, 
' either of like charge pr of opposite ch^Lj'ge, will react If they * 
are brou^t together, jpe student recalls the. rule that- opposlljiely 
charged objects attract and objects with like- charges^ repel, each • .. 
other bv responding to that ^lef feet,' . . . 



Given an Illustrated statrement that two< charged' objects are 
. repelling each other and the charge pn one of th^ objects' Sffid - ' ' 
asked to name the charge on the other object and on what rule he 
bases his response, the student applies the principle that objects 
with like charges repel by naming the charge on the-object^in " 
question and st^t^jLng; "the notion of the rule^ ' ' • , 



Given an^illustmtlon' of two_chaj?^d.QbJe.otg' ..attracting. each - . 
other and the charge' on one of them and asked' to name the charge 
on the other, the student applies the rule th^t two oppositely 
charged objects attract each other by naming the charge opposite 
the known charge, as the charge on the remaining object. 



05--Core~ll ^ Given a descrip^iorr of a situation in vrtilch charges are produced 

on two objects and asked hew to determine whether the charges 
produced on the objects are the same or different., the student 
applies the rule that like charges repel oach other and unlike 
charges attract each other "by responding that the:- two objects 
should be put near one Smother- to see if they attract - or repel 
V or that the two objects should be brou^t near a single charged ' 

object to see if they react the 'same or differently. ^ 



05-Gore-12 Qivenl^a description of a situation in which electrodes are placed 

Iri a solution containing ions of a given charge and asked if those 
^ ions will move towards or away from an electrode of the opposite 

charge and to state why, the student applies the concept that - 
opposite charges attract by stating that the ions will move toward 
tho^ oppositely charged r6d and ttie notion of -the rule. 



3 J 




Given thcee solutions and told tp get any materials he^neesds to ■ 05-Core-l3 

4ete?*rhlne vrtilch,'lf any, of the three solutions contains the 

sulfate ion (SO^) , the student applies the rule that the presence 

of the SO^- Ion is .shown by a cloudy white "S^lld formed vfti^ > . 

barium chloride (BaClp) Is added to "a solution In which the SO^ \" 

ion is present by adding' BaClw solution to the. solutions and 

reporting that the SO^^ Ion Is present in those solutions in which 

a White solid forms. . ■* . 



When asked why operational definitions are important, the student 
appllps the concept that an operational definition states the. way , 
in which we can determine the presence or absence of ^a, substance .. 
by respojr^dipg to that, effect. ^ ■ ' , ■ ■ ' 

Giverr the formula for jrf^dlti-atomed ion and asked If the Ion 
contains Just one -elem^l^ and either to Identify - the one elonent 
or to tell how many el/os^^ntB^^m^Qur In the Ion, the studenc 
applies the convent 1^ ^hat each^fffferent symbol In a Toimila 
Indicates a different element by respof^ dfrig negatively* and g^^^^fe 
the number -o^^^ej^^t ^Indlcated byt^f^tjula. 



05-Core-l4 



05-Core-15 



Given two conp(3unds and asked to Identify the force that h6lds 
them together' ao^ordlng to the model for matter being developed 

^^^^^ Ulg'lSCS tJuarber ^he~stn denL applies the cunuep t Uiat rn^tt^^' 

Is. held together by electrical force by .statlpg the cbncepi. 



05-Core-l6 



Given a list of three different positive Ions and three different 
negative Ions -and asked to predict three pairs of Ions. which would 
combine to form corrpounds , the student applies the concept that 
opposite charges attract and like charges repel by prQcl^l^ct^Lpp: 
combinations' of only positive and-. negative ions. 



05-Core-17 



Given illustrations of pairs of ions charged as follows: + +, 
- + and - +,*and asked to select those pairs that will 
attract 'each other and why he selected them, the. student applies 
the concept that unlike charges attj'act by sel^ect^Lpp; only those 
pairs with unlike charges and st^t^Lnp; the concept. 



05^ore-l8 



Given that there a]?e two particles in a specified compound- and 
told the kind of charge on one of them and* asked what the kind of 
charge 1^ on the other and to state the basis for his prediction^ 
the student applies the concept that oppositely charged particles 
of matter attract each other by naming the charge opposite to the 
charge given land stat ^Lnp; the rule . 



05-core-19 
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05~Core-23 



05-Exc- 10-1-1 



Given foim possible reasons for labellngf materials and recording 
observations and asked why the text continually states that he 
should label his materials and record his observations, the 
student classifies labeling materials stnd recording observations 
as helpful investigatory procedures by selectlpg the entry to that 
effect . . ' ^ ' 



Given two quotations about the atcpilc model, frotn two science 
,.1;extbboks , one dogpiatic^and the other tentative^ ahd five state-^' 
ments about the quotations and asked ' to select the statenent that 
includes both which quotation a scientist would prefer and why,^:. 
the student applies the concept that scientists consider their 
models and the explanations based on them to be tentative by 
selecting the stateJnent about the quotation which is wrltteh^ in 
tentative terms and Which includes the notion of the concept'. 



Given four possible criteria for the acceptance of a statement by 
scientists and asked to select the criterion for ^acceptance of a • 
statement used by scientists^ the student applieg the concept that 
scientists accept statenents when thfey are ba^ed on experimental / 
evidence by sel ectlnfg; the phrase which illustrates the concept . 



Given four stat^ents about ions and asked to select the sitatement 
l\rhIon DeBt descrlbeslS^ ions a!re presented In Cnapter lu, tne ^ 
student applies the concepts that Ions are part of a model and are 
useful in explaining certain observations rather than that ions 
are known to exist in matterloy selec^ ;lng the entry stating, the 
usefulness of the model In explaining certain phenomena. 



Given a metaphorical story about riding the "Ion Express" and 
asked ,to name what the rider (a particle) would have to be charged 
to ride toward a town (a rod) with a specified charge > the student 
applies the concept that oppositely charged objects attract each' 
other by respo j yilpg; with the charge opposite that of the specified 
charge on the rod. 



Given diagrams of two sets of crystals resulting from the 
evaporation of samples of the same solution, each set of crystals 
having the same shape and color but differing greatly In^slze^ 
and asked which feample evaporated faster and to explain his 
answer,^ the student applies ^ the concept that the rate of evapora- 
tion is inversely related to^ crystal size ^by naming th^ sanple 
with the smaller crystals and stating that i^apid /evaporation 
produces smaller crystals, than slower evaporation . 



Given an open textbook and the data for Table 1 on page 47-2 of his. 
text and a 3tatement that the data^.was collected working with the 
equipment shown on page 473 but u»$hg a diTfei^nt; inetal and 
solution and asked to give and dlagranj an explanation of thfe'/- '- 
glyen data, 'the student applies the concept., that particles moi)je 
from one electrode to another as electricity flows, through the^ 
conducting soli^tlon by statl^ and diagraming the essence of the 
following two statements: (l) some ©f the atoms (or Ions) of 
metal,. In the positive str4.p separated and disappeared Into the 
solution' and (2) these. Ions perhaps some of the Ions already 
In the solution) moved to the negative strip- and collected there, 
forming whiskers. . - ■ . .■ 



05-flxc 10-2-1 
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Reminded that used solutions are put Into waste Jars and not back * 06-Core-1 
Into the* reagent Jars, even when no other chemicals have been 
added to than, angi, asked to explain why, the student applies the 
rule that jc'eagents are -never put back Into reagent bottles because 
they might be contaminated or be put Into the wrong bottle sund 

.contaminate It by stating that notion. J 



Given that., the particles of an element In a : solution are not ' 06-Core-2 

at^raated to either electrode and options Involving the terms 

tons and atomQ and asked to ldentl:(V the kind of particles 'in the 

solution, the student classifies the particles of an element In .' ' 

a solution which are not attracted to either electrode as atoms ■"■ ^ 

by selecting the term atoms, ' , . 



Given the. charge on 'an electrode and that a specified Ion Is '06-Core-3 

moving toward it and asked the charge on the ion, the student 

applies the concept that aaT'lor^ moves toward an electrode whose 

charge is opposite. to that Of the charge on' the ion by st^tipp 

the charge on the ion.';. . . ^ • ' 



Given a description of a situation in which two neutral objects . 06-Core-4 

are charged hy being rubbed 'together and asked "to explain how • •' 

the rubbing produces '^the. chai^ges , the student applies the concept 

that 'neutral objects can either gain or lose charges (negative)- 

when rubbed, thus leaving the objects charged 'bv- responding with 

the 'notion of the concept . ' , , 



aiven a aescrlption of a. situation in which rubbing objects A and ^ 06-Core-5 

B together produces a charge on both of the objects and asked to : 
predict whether 'the objects will attract or rqpel each other and 
to explain, the, student applies the rules that If charges are i ' - 
produced on objects which af^ rubbed together, they are oppositely » * 
charged and ^ that like chargek repel and unlike ch^ges attract , • , ' 

each other by responding that Vubbing the two- objects together 
produces opposite charges on tni^ which causes then to attract 
each other. 



Given tiWo cases, one. in which material X has a positive charge and 06-Core-6 
one in which material Y has a negativeXcharge , 'and In each case ' . 7 

four statanents . purporting to describe charged materleil and . , ^ 

asked in e&ch case to select the statonentxthat best descf'ilpes 
the charged object, the student classifies \ positively or ' 
ne^tively charged object as having ^-exces3\of positive or 
negative charge respectively by Sf^l^ectjng the description that 
agrees with that notion in each* ca^e. 



— — — ■ : , r: , I . , , ■ • ^ 

' t » • . - 

06-Core-7 Given a description of a situation 4ji which two rteutral cSbJects 

aresgiven oppos|.te,..charges by rubbing them together and asked to^ 
e3Q)'lain how opposite charges are produced, the student applies " 
'' \ . the concepts that neutral objects have equal numbers of positive 

' " ■ and negative charges arid that when they are rubbed together^ 

they beccMe .oppositely charged' beckuse negative charges are 
N removed "fi*om' tfi^' surf ace • of lone leaving that' object positive,.. 
• ■ and adhere to the surface df the other, making it negative, l?y 
. reppondlnc ; with the notion' of those- concepts . ^' 



06-Core-8 Given four phrases etating relative amounts of positive and 

negative charges and asked which phrase describes the relationship- 
between the numbers of positive and negative' charges in neutral 
objects, the student classifies objects having equal nWbers of 
positive and negative charges ag neutral objects by selecting the 
statement to that effect. " . . . 



06-C;pre-9 
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Given a description of a situation in which object X is attracted , 
to two oppositely charged .objects and asked what the charge on 
object X is, th6 student- applies the concept that a neutral object 
is attracted .to .objects with either a positive or a negatively . 
charge by ^ta^;Lpp; that the charge on object X is neutral. 



.Given that a neutral/object and a charged, object are brought in^;o 
contact with each other and that they fir^t at,tract, then repel, 
^ and continue to repel 'each..,othOr and asked .to ■ explain these ■ . . 
observations," the student generates an explanation for' the actions 
J of the charged and neutral, objects brought into contact with each 
other. by responding to • the' effect that the rtputral'cbject hag 
equal numbers ol" positive and negative- charges and that at ^irst 
the charged object attracts the opposite charges on the neutral 
object; thus, one side of each object is attracteff tp the other 
-object, and when they c'ome together, the excess charge of the 
charged object is split with the neutral object and thfe neutral 
object becomes similarly charged, after Which' they ha^fe J.ike • 
charges and- repel each Other. 



When asked to give an operational definition for neutrally aharged 
partiale of pcwder^ the student generates the operational 
definition that a neutrally charged, particle of powder is "a 
particle which is attracted bot;h to positively and to negatively 
charged, objects by stating the notion of the definTtlon. 



Given a list of five properties of.lsubstances and asked to select 
those he will need to know if he is to determine whether a 
specified' substance is ni^de up of ions, of one kind of aton, or 



of one. .kind of uplecule , the student" ela^slflfes the property of 
conduqtlvlty of a solution of the 'Substance and the .property of 
decompdsability of the substance as the two properties -by which he 
can. Identify, the kind of particles in the subst^ce by selecting 
those wo properties. " 



Given four entries '—'smaller molecules, atoms, elanents, and" . , 
other compounds and the option "all of these" and ti description 
of a situation in which large molecules, are broken down and 'asked 
• to select possible products' of the breakdown of a large molecule, 
the student classifies smaller molecules, atoms, elements, and 
^ther conpounds as possible, breakdown products of a large molecule 
the option '!all of these." 



Given a description of a situation in which, the dry powder of a 
subst^ice is -attracted, to each of two oppositely charged objects 
and askfed if he agrees | or disagrees with the conclusion that the . 
substancfe is therefore made up of molecules arid to explain his 
answer, the student applies the concept that the attraction of the. 
particles of a substance to charged objects, is irrelevant to its 
being ionic' or molecular by rgspopdte that he' disagrees with the 
conclusion and with* the notion of the^ConcepU.' 



Given- an e"xamp;i.e of a mqlecular substance and asked what force 
holds the neutral atoms in the neutral molecule together and how 
this force -exists in a' neutral molecule, the student applies the 
concepts that all matter .contains positive and negative charges 
and that- it is' the '-attraction of these different charges which'""" 
holds neutral atom^in a molecule together by responding with the' 
term eleotvioccl force and with the essence of those concepts. 



Given the name of a substance and told that it is made up of atans 
jOf more than o^e kind combined in definite numbers (ratios) and 
asked what. kind of matter it is, the ^tudent classifies a 
'Substance' which is conposed of atoms of more than one kind 
combined in definite numbers (ratios) as a compound hv r^spor^dlng 
with the term aompound. ' ■ 
,, , ^ ' , , III 111 1 II , I ■■ ■ ■ ■ ■ 1 1 . ..... 

Given a descriptioh of a situation in which .an atom has gained or 
lost a negative charge, thereby beccmlng a charged particle, and 
asked to name the charged particle, the student classifies an • 
atom which has gained or lost a negative charge, theretDy becoming . 
a. charged particle, as an ion by responding .with the term ion. 



Given fi)/e . statements about the possible makeup of a substance and 
t^old that- the substance is moleoular and asked to- s«?lect those 
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statOTenta which are true about the substance, the student 
classifies as the properties . of a molecular substance that (1) It 
contains f!iosi|:lve and negative charges,' (2) It^ solulilon will not 
conduct ALectMclty, (3) It doesn't bontaln ions, (4) It would 
be attracted to either a positively" or a negatively electrostati- 
cally charged strip, and (5) It Is a neutral particle by 
all statements which agree with those. 



06-Core~20 / 




06-Core-2^I 



■Given four statements, Including the statement that matter con-, 
tains movable negative charges , and asked to select the statement 
which Is part of the 'atomic model, the student classifies the 
statement that matter contains movable negative -charges as the 
only statement In the list that fits the atomic model by 
only the statement to that effect. 



Given a stjfttement to the effect that he is developing a model of 
his own whl^^h is moving toward the same model for matter already 
developed and. completed by scientists and asked if he agrees or 
disagrees wltl^thls statement and why , the student applies the * 
'9pncept that tlie models of science are under continuous develop- 
ment and. refinement and are never complete by respondihg to that 
effect. ' r • _ 



Given five 'possible Interpretations of acceptance of a model by 
scientists and ^ asked to select tlje best interpretation, the 
student a pplies the concept that acceptance of a model Implies 
only that It explains observations made to date by selecting: the 
entry involving the explanation of observations. 



Given a construct central to- a scientific model and four state- 
ments about models and their constructs and asked to select the 
criterion by which models are judged, the student applies the 
c6ncept that models and their constructs &re accepted as useful 
ways of thinking about phenomena by selecting the response to that 
effect. ' 



Giyen the four terms atomSf moleautee, neutral partialesy and ions 

and asked when one Is cpnsldering electrical charges-, which of 
. th6se terms doesn't* b^ng in the same group with the other three, 

the student classifies atoms, molecules, and neutral particles as 
^ having no charge (equal numbers of positive and negative charges) 

and ions as liaving a charge by e.^ec.tlpp the term ion. . 



Given five entries from the following list of properties o^; atoms 
and ions:^ (J.) [ions] can be pcirtlcles with an excess of negative 
charges, *(2) [ions] In solution are attracted to a rod with a 



Charge, (3) [atoms] are present in k plec6 'of a speaifled element, 
(^) [Ions] are responsible for conducing current in a solution, 

(5) [atoms] have' equal numbers 'of positive and negat^Lve charges, 

(6) [Ions and atoms] contain positive and negative cha5?ges, 

(7) [ions and atoms] can be colored, and (8) [ions] can be parti- 
cles with more positive charges than negative, and asked to 
identify .which statements are true of atoms, which of ions, and 
which of both, the student classifies entries as the properties 
of htomc , of lone , or of both by labelian: the given statements 
corrjsctly in four of the five cases. 

4 

• Given that each of three substances Is attracted both to positive- 06-Core-25 
ly. and to negatively, charged strips, that all of them In solution 
conduct electrlQlty, and four statements, eatch attributing either 
ionic or jnolecu2;ar makeup to the substances and each jnaking a ' . 
statement about a ratio of positive and negative charges in the 
substances, and asked to select^ the descriptive ' statement 
Justified by the data, the student classifies the substances which • 
are attracted both to positively and negatively charged strips 

•.and whose solutions conduct electricity as being ionic and having 
an equal number of positive and negative charges by se;Lect; ; ;l pp: the 
statonent of those characteristics. 



Reminded that for many years peot)le considered water to be an 06-Exc 11-1-1 

element and asked if it is and' fo explain his .answer, the' student 
clas sifig;s water as not being an element because it can be broken 
down into two different substances (atoms) by stat;L]ng that It is 
not' an 'element and the notion of the pphcept. 

- §L / " ' 

Given that a student found that a stream of drips was attracted to 06-Kxc 11-2-1 

a charged strip and that hie therefore concluded that the, drips 

were neutral* and asked If this is a good conclusion and to explain 

his answer, the student applies the concept that objects with ' . 

opposite 'charge , as well as neubc'al char'ge, would be attracted to 

a charged strip by s tat irig that the conclusion Is a poor one and 

the notion of the concept. 



•Given 'five graphs of "brightness plotted against grams of salt and 06-Exc 11-3-1 
asked to lipok at' /excursion 11-3 and to determine Which of the • ■ 
graphs Is the- general shape of the graph, of hils data In the 
excursion, the student 'classifies the gmph showing a steep rise. 
In brlghitne^s for small increases in griams of salt and then a 
sutMen ghange to/an aliijost horizontal line as the graph which 
represents hls^cfeita for the-excurslon by selecting such a graph. 



06-Exc 12-1-1 Given the combining power of two dlffefeht atoms, a specific 

number of each of the two kinds 6f atotip, and a series of diagrams 
showing possible combinations of these atoms, the student applies 
the concept that atans combine according to their particular 
' * combining powers by selecting the sketch wt^lch shows the atoms 

combined In accordanee with their -combining powers. • 



06-Exc 12-1-2 Given the structural formula of a molecule and asked to draw arr 

Isomer pf that molecule, the student applies the concept that an ,.. 
Isomer of a molecule cgntalns the same number and kind of 'atonp.. - ' - 
arranged according to the combining power of each atom by drawing 
a structural formula which shows a different arrangement of the 
atoms (not simply changed by bending) and maintains the number and 
kinds of atoms and the combining powers of the atans In the given 
formula. 



06-Exc 12-1-3 Given that each qp-tvto students has a chemical substance, that 

each student gives a chemical formula for his substance which Is 
the same as that given by the other student, and test results for 
each substance, showing that they have different physical proper- 
ties, and asked If It Is possible that both students really have 
% compounds with the same formula and to explain his answer, the 

student applies the concept that molecules with the same number 
and kind of atans which differ only In the arrangement of those 
atoms will have different properties by responding affirmatively 
and ej^^l]J:^,^J^^,^^ In effect that sane compounds (Isomers) have the 
same formula, but different properties, because their atoms are 
arranged differently. . 

* — ■ ' ' ' ' ' ' ' ■ J I I ■ . ■ . , „ I ■ ■ ■ 
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Given a sentence using the term reaction rate and asked/ to define 07-Core-l 
reaction rate as used therein, the student recalls the definition 
that reaction rate is the speed at which a reaction takes place by 
respo^c^ ng to that effect'. . 



1 



Given the name of a common solution and a list of^five variables 07-Core-2 
relating to the solution and asked, which of^ thoGC variables muGt , 
be known to state the concentration of the solution, the student / . , 

classifies the niass of the dissolved substance and the volume of 
th^olutioH as the variables involved in detemlnlng the concen- 
tration of a solution by selecting: those variables. . 



Given a- sentence using the word aonaentration in a chemical 07-Core-'3 
context and asked to (;lefine th^ term oonoentration as used in the 
sentence, the student recalls the definition that the concentra- 
tion of a solution is the amoiint of dissolved substance In a 
definite amount of a soluti-en or liquid (solvent) by responding 
to that effect. . ' 



Given a list of five observations, including three ^which are 07-Core-^ 

indicators. of reaction rate, and asked to select the observations 

which are lndiate.tors of reaction rate, the student classifies as 

indicators of/uhe reaction rate (1) the amount of product formed 

per time peMod, (2) the speed at whioh the reactants are used 

up, (3) the temperature change "per time unit, and (4) the time - < 

required for the first noticeable changes by selecting at least 

two of the three of the above which appear as options. 



Given a diagram and a description of a situation in v^rtiich two 07-Core-5 
^ual samples of the same soluflon are equally diluted and asked > 
to compare the final concentrations of the solutions .and to 
explain his answer, the student applies the principle that if ^ 
equal sanples of absolution ajr'e .equally 'diluted, the 'resulting 
concentrations of the resulting solutions are equal by stating 
'that the concentrations are equal and the effect of the rule.' . 



Given a data table which describes equal volumes of 'a given solu- 07-Core-6 
tlon.ln f Ive , different dilutions, including' a zer<r dilution, and . 
asked to' order the solution^ from the most to the least concen- 
trated, the student classifies the solutions according to their 
concentrations from the iTDst to the least concentrateci by or^gr^ 
them In Increasing order of the amount of solvent added. 



Given,, graphs of the volume of gas produced ver^ time for two 07-.Core-7 
reactions involving the addition of 'unknown amounts of reactant A 
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to equal amounts of reactant B and. asked In which situation the , 
greater amount of reactant A Is used and to explain his answer, " 
the student applies the rule that as long as enough of both 
reactants are available, the rate of product formation Is pro- 
portional to the amounts of the reactants used by- selecting the 
graph Which Indicates the greater volimie 6f gas produced and ' ■ 
st^tljic; the essence 'of the rule. • . 

< 

07-C,Qrer-8 • • Given descriptions of two trials of the same -reaction, each trial 

asked If the reaction rates of both trials would be theVsame and 
to state the variable that accounts for his answer, the student 
applies the concept that a change In the concentration of. thp 
reactants causes a change In the reaction rate by stating that 
the reaction rates of the trials would be different and that the 
variable Is oonoentration. 



07-Core-9 Given a description of .two . trials -.of the same reaction, using 

different concentrations of one of .the reactants, and asked. if 
the reaction rates of both trials W<^d be the same and to explain 
his answer in terms of particle collisipns, the student applies ' 
the concept that a change in the amount and the concentration of 
a reactant causes a change in the reaction rate because these 
4 changed increase the number of contacts between particles of the 

reactants by respondlry: negatively and statlnp the essence of the 
concept . . . ■ 



07-Core-lO Given dlagratns of two beakers, 6ach containing a dliTferent 

r-: ^ concentration of a dissolved reactant, and of a fixed amount of 
* a second reactant to be added to^each and told that the reaction 
rates will be different -in each beaker and asked to explain how 
the particle model would explain this, the student^ applies the • 
' " • ' concept that if more particles of a reactant are present in one 

reaction than the other, the reacting particles in the -first ' 
*^ reaction will collide more' frequently " and react more often than 

those in the second by stating the essen<3e of the concept . 



07-Core-ll Given the relative speeds of solid, liquid, and gaseous particles 

and three reactions which ha,ve oi;ie constant reactant (A), and a 
second reactant (B) which varies in each reaction — one a solid,, 
one a liquid, and one a gas ^- and asked which of the rea*ctions 
would have the fastest reaction rate and^^to explain his ansv^er in 
terms of the particle model, the student generates the statement 
' -that the reaction in which B is gsiseous is fastest because gaseous 
' l^artlcles move faster than solid or liquid particles and therefore > 
the most particle contact restilts-by selecting the reaction in 
which B is a gas" and stating in effect the reasoning above. 
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Given the following variables ~ number of particles , volume,' 07-Core-12 
kinetic energy, particle speed, particle size, and collision 
rate — and. asked If. these Increase, decrease, or ranaln the same 
when a substance Is heated, the student classifies volume, kinetic 
ertergy, speed, and collision rates as Increasing and the others 
as remaining the same by so 



Given two trials of a react Ion, •both Involving Identical amounts ' ' 07-Core-l3 

of . the saiTB reactants but at different tenperatures, and the trial . 
wit'B the "higher reaction rate having a faster reaction rate^ and 
asked how the particle -model explains this, the studenfe- a|)plles " 
the concept from the heat-as-energy model that at higher teaipera- 
tures matter particles move faster, collide more frequently, 'and 
•therefore react more rapidly by stating the essence of that 
concept. • ■ . ' 

Given two reactions in which the amounts of the reactants^ are the oy-rCore-l^ 
same but the reaction rates are different and the temperature of 
only one of the reactions is known and asked what and how he can 
tell about the temperature of the other reaction, the student 
applies the concept that the rate of a reaction varies with its 
temperature by sta^lnp: that the unknown temperature Is higher than 
the known temperature if t^ie ^rate of the reaction whose tempera- 
/ tiihe is unknown Is faster or 'the reverse if the related reaction ■ 
rate is slower than the reaction rate of known 'tempef»ature. 



Given a graph or the Increase in reaction rate versus temperature ■ 07-Core-15 
and a series of equal temperature Intervals and asked In which of « . 

the temperature Interval's there is the greatest change in reaction* 
rat^, the student applies the process of \ reading and analyzing a 
ctirved-llne graph by indicating the inteiVal' of l^ighest tempera- • 
tures as producing the greatest change iri^the rate of' reaction. 



Given data for two trials of a chemical reaction, neither of which 07-Core-l6 
involves a catalyst and all the reactants of which are In the 
liquid stat^,'>but in which one trial has a higher concentration 
and lower temperature than the other, and the information -that 
they have the same reaction rates and asked" if the collision rates 
are the same and how he would explain his answer in terms of the 
particle model, the student applies the concept that many- parti- 
cles moving sl6wly can have as many collisions as fewer particles 
moving more rapidly by r 9g p 9pdipp affirmatively and stating* the . 
effect of the rale. . ' . 



When asked to give the definition for catalyst^ the student 07-Core-17 
recalls the definition that a catalyst is a substance which 




( 



/ , . increases the rate of a" reaction, but does not cause the reaction' 

/ nor act as a reactant, by statlpp; a definition to that effect. 



r 
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07-Core-l8 Given three pairs .of descriptions pf chemical reactions,- each. 

pair made up of a reaction with. and a reaction withoi^t an addi- ' 
tive, and asked for. each pair if the additive is a catalyst, the ■ 
student classifies as a catalyst any additi^fe which causes an ' 
increase in the speed of the reaction but does not react itself or 
cause the reaction by so if\dJLcat;ln^,. 



07-Core-19 Given a reaction and a means by which its reaction rate could ^be 

determined and asked to design a procedure to determine if a 
given substance is a catalyst for the reaction and to state those 
variables which must be held constant and those which would be 
varied, the student applies the concepts that only one variable 
should be varied (using or withholding the substance being used as 
a catalyst), that all other variables (temperature, concentration 
or amounts of -reactants used, and, the method of measuring' reaction 
rates) should be held constant, and that a catalyst does not react 
. or cause the reaction by s^at;lpg a design which includes those 

~ concepts. _ . ' 



07-Core-20 Given the name of a substance postulated as a catalyst for a 

reaction and that Increasing and proportionately larger amounts of 
the substance are added to different trials of the reaction and 
asked if trials using even greater amounts of the substance need 
to be made to determine if the substance could indeed be a cata- 
lyst for the reaction, the student ap plies the concept that only 
small amounts of a catalyst are needed to cause an increase in 
the rate of a reaction by responding negatively and that if the 
substance were a catalyst, ^mall amounts of it would have affected 
the reaction rate. 

07-eore-21 Given a reaction and several substances claimed to be oatalysts 

■ . for the reaction and asked hiow many of ...these claims could be 

correct and why, the student applies the concept that there is 
often more than one catal^^t for a reaction by respor^ding that all 
of them could be catalysts^and' the essence of the concept. 



07-Core-22 Given\the information that a reaction rate is often affected by 

temperature, concentration, and a catalyst, a statement of a 
reaction, an(4 an Indicator for the occurrence of the reaction 'and 
asked toNgtate a method by which he could determine that changes 
• in the concentration of a reactant alter the react^ion rate and to 
■• state whljh things shiould be held constant and which should vary, 
the studeMt applies the procedures to show whether concentration 
affects me rate of a reaction and of measuring reaction rate in 

4 7 



term of the rate of product formation by 3tat;lp g a procedure 
which (1) varies the concentration of the single reactant bein^ 
studied, (2) keeps the concentrations of othei^ reactants constant, 
(3) keeps' the torperatures of the reactants constant, (4) does not 
alter the use or nonuse of. a catalyst, and C^) records the Inter- 
val between the time J;he chemicals are mixed an|l the time the 
indicator begins to work. ^ . 



4 ■ 



Given that a substance is a catalyst for a reaction and thof x^on- 
cluslon that it therefo;re must be a catalyst for a differ^t \ 
reaction 'and asked if he agrees and to explain his answ^, the^ 
student applies the concept that a substance is' a catalyst to ^. 
specific reaction and not necessarily to others by r^gnonding 
negatively and with the effectjr of the rule. / 



07-Gore-23 



Given a list of five alternatives, two of Which are "variables that\ 
can. affect the reaction rate, and asked to select the variables 
that affect the refaction > rate of a chonical reaction, the student 
classifies (1) the tenperature of reactants, (2) the concentration 
of reactants, and (3) the presence of a catalyst as the variables 
that affect the rate of a chemical reaction by seleclping vrtilchever 
two of the variables listed above appear as options. 



07-Core-24 



\ 



Given the choices of high, medium or lOw for concentrations and 
temperatures and the choices of present or absent for a catalyst 
and asked to identify the combination of temperature ,' concentra- 
tion, and catalyst which- would result in the fastest reaction 
rate,, the student classifies the canbination of high condentra- 
tionj high- tanperature, and the presence of a catalyst as the " 
combination that results in the fastest reaction rate by selecting 
that cdmbination . 



07-Core--25 



Given a graph of reaction ^jne versus \joncentration and asked in 
which trial the number of collisions between reacting particles 'is 
the greatest per second and to explain his answer, the student 
applies the concept that the greater the concentration of 
particles, the greater the'huijibert of collisions and the shorter 
the reaction tim^of the substance by selecting the trl^l with 
the shortest reai^i^ion time and by stat^ Jig the. effect of the oon- 
*cept. ' ' " . 



07-Exc 13-1-1 



Given a Reaction and four graphs and asked which of the graphs 
correctly shows the relationship between concl^ntratlon and 
reaction time, the student identifies the graph showing, a concave 
curved line which slopes downward from left to right as a graph 
of -ireaction time versus, concentration by selecting that graph. 



07-Exc 13-1-2 
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07-Exc 13-2-1 



07-Kxc I'l-l-l 



07-lixc l')-l-l 



07-Exc rj-l-2 



Given two cases, one la which a compact 'form of a substance will 
not burn even ale high temperatures and one in which the dust of 
the substance ,burns explosively at low temperatures, and asked' how 
this can be explained, the student applies the concepts that 
Increasing the; surface area of a reactant speeds up' the rate of 
the reaction and that in the dust. form, the reactant has more 
surface area than in the compact state by stating the essence of 
those concepts*.' ' . - 



Reminded that reactions involvings air take p\ace more slowly in 
cold air than in warm air and asked how the particle- njodel would 
explain this, the student applies the concept that in cool 
materials, particles move more slowly and collide less often, and 
theretlsre the reaction rate is slowed down- by stating such an 
explanation. 



Given that vegetables are cooked slightly, but not completely, 
before they are frozen In order to retard ^ spoilage and asked why 
this is done, the student applies the concept that heating 
destroyt> the catalysts which hasten spoilage in living things by 
respondi ng to that effect . . 



Given that-^a specific reaction takes place at a much lower 
temperab\j^ in his body than outside of his' body and asked to ■ 
explain why, the student applies the concepts that he, -like. all 
living things , contains catalysts and .that catalysts allow rapid 
reaction rates at lower temperatures than -otherwise possible by 
r g^Dondln g with the effect of those concepts. 



I 
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4.9 



Given a reaction from. Chapter 16. and asked what effect increasing 
the concentration of one of the reactants 'would have on the. 
reaction, the student applies the concept 'that increasing the_ 
concentration of a reaptant increases the rate of reaction Ipy'so 



68-Core^l 



Given a statement of the reaction uf A^J>ivity lG-11 and that 
•v^anmonia (NH,) wouia. be .gi>;Qn . of j^;. without heating and asked why he 
heats the mixture,, the student ■ appj^Les the ' concept" that ^heating 
increases the speed of the reaction by respof^ng to *lhat effect . 



Given two solutions, A and B» and asked if the addition of solu-. 
tion B to A changes the odqr of A^, the student manipulates 
solution A to smell it safely by gently wavin g his hand back and 
forth over it, rather than putting the bottle or beaker near his 
nose cind inhaling. 



Given that four substances from Table l6-2 are all composed of N, 
C, H, and 0 and -yet are so different and asked to explain, the 
student ^ applies the concept ^that different substances can be . 
composed of the same elements put together in different orders or 
Gonbinations by stating that notion. 



Given a list of five substances and a statement about their 
ammonia, sulfate, and c6pper content in each case and asked to 
select the cases in which he/r^ be absolutely sure nitrogen is 
present, the student clas^mes all the cases in which ammonia is 
present as those contaMlng nitrogen by sej.ect;lng those and only 
those. I 



Given that two s'ubstances containing nitrogen each give negative 
-results in tests for airinonla (WU) and the conclusion that there- 
fore these substances do not contain nitrogen and asked if he 
agrees with the conclusion and to explain his answer, the student 
gerjerates an explanation that because Nesslers's solution is a 
test for NH^, nitrogen In any other combination would -not be 



V 

detected by it by re 
of:* the aforementioned explanation. 



that he disagrees and with the effect 



Given a substance and asked to carry out a stated procedure to 
show whether. or not the substance coj^talns anmonla and to state 
his conclusions, the student manipulates the materials to test a 
substance for aimpnla by a, ddln g NaOH and boiling chips to the sam- 
ple, heating it, ]2gaij£g the gas through a mixture of Nesslers's 



08-Core-2 - 



08-Core-3 



08-Core-4 



08-Core-5 • 



08-Core-6 



08-Core-7 



'^0 
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solution and NaOH, . and cprrectly stating that airmonla Is present 
If the Nesslers's solution changes to an orange-yellow color. 



68-Core-8 



08-Core-9 



08-Core-lO 



08-Core-ll 



08-Core-12 



OB-Core-lS 



Given two solutions, A and and asked If the addition of 
solution B to solution A changes the odor. of A, the student 
chooses tb use safety glasses to protect his eyes by putting on 
a pair of safety "glasses ..before beginning the procedure. 

Given a roi^nder of the acceptiance of the concept that combina- 
tions of relatively few elements account for all known substances 
and asked tp-^lain why scientists ^^investigate accepted ideas, 
using different sets of materials , the student e^piies the concept 
that scientific -concepts are tentative — that is , supported by 
evidence, but not proven to be true — and they could be changed 
if not supported by further investigations by stating the general 
notion of the concept. 



'Given the name of a chemical indicator used in JSCS Level II to 
indicate the end point of a reaction and asked to tell how it 
works and why it works when it does, the student generates the 
explanation that , a . substance which is an indicator changes color 
as the result of a chemical reaction with one of the reactants 
after all of the other reactant is used up bv r^gp^jY;^;^;^ to that 
effect. • • 



Given that a prediction has been made of what volume of a reactant 
is needed to react with a named amount of a second reactant, bas.ed 
on a trial of the reaction using other amount^s of the ■ second 
reactant, and asked on what basis such a prediction can be made, 
the student applies the concept that when atoms of substances 
react, they do so in definite numbers (ratios) by responding -to 
that effect. . ' 



Reminded of the procedure used in Activity 17-3 and asked to 
explain why doing the procedure twice and finding an average is 
better than Just doing it once, the student applies the concept 
that averaging repeated measurements is a way of decreasing the 
effect of individual experimental er^rs by, responding to that 
effect. 



Given a reaction and a graph of the amounts of the 'two t^actants 
that reacted in three trials of the reaction and asked to state 
how muc|i of one of the reactants would react with a stated amount, 
beyond the plotted data, of the other reactant, the student , 
applies the procedure of extending the curve of a graph and read- 



id 
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Ing the value, of the unknown coordinate corresponding tp the value 
of the Hnown coordinate by atating\ a v^lue which is within. +0.5 
gram of the value read by. the teachi^r. \. 



GiVen a reaction and a graph of tbe amounts of two of the reac- 
tants that reacted in three trials of the reaction arid asked to 
state' how much of one, of the reactants would react with a specific 
amount of the other, which reaction Its beyond the plotted data, 
and to select the reason why he can make such a prediction, the 
student £g)plles the procedure of extrapolating the graph value of 
the unknown amount of one reactant corresponding t© the, value of 
the known amount -of another reactant and the corjcept that when two 
reactants combine, they do so in definite nunijers bv stating the 
value of the unknown coordinate and selecting an option to the 
effect ^of the concept,. • . ' ' 



Given directions' to (1) dissolve a given amount of a solid in 15 
ml of water,. (2) add 2 drops of Congo red, (3) add acid in small 
quantities until a permanent color chartfee i^s observed, (4) find 
the amount, of acid neutralized, and (5) repeat steps 1 through 4. 
and average the two trials and asked to use the procedure to 
titrate a particular solution, the^ student manipulates the materi- 
als and equipment according to the procedure outlined by reporting 
an average result of the neutralization of within +2 ml of the 
value obtained by the teacher. 



Given that the 'mass and the volume of a substance are Increased by 
the addition of more of the s^ubstance and asked what affect this 
addition has on the density of the substance and why, the student 
applie;s - the conc^t that the density of a substance is independent 
of the amount 'o£. ^he substance v^resent by responding that the 
density is unalterted and with the effect of the concept. 




Given a solution of 'water and food coloring and asked to measure 
out a specific volurae, to find its density, and to show. his work, 
the.. 6tudent ap^ll^g the concept that the density of a material is 
eeftial to its mass diviued by -its volume by measuring the volume 
and mass of the soliition and calculating its density and by 
it to withlJ;! ±0/25 g/ml. 



Given a list showing the density of four solids and the name of a 
liquid whose density is specified and asked whether the solids 
would float or sink in the^ liquid, the student applies the con- 
cepts that substances with densities greater than .that of the 
liquid will sink and that substances with densities less than that 
of the liquid will float by ^electing the objects that will sink 
and the objects that will fl(!^t. • 



08-Core-l4 



08-Core-15 



08-Exc 16-1-^1 



OS^Exc 16-1-2 



08-Exc 16-1-3 



08-Exc 17-1-1 ' Given & reminder, of Activities 17-5 and 17-6 and asked If the iise 

of a .'specified amount of .water other than 10 ml would ?iffect the 
amount of stomach acid neutralized by the antagld and to explain 
his .answer, the student applies the concept that It Is the quanti- 
ty of a reagent present, and not its conbentratlon, that. deter- 
mines the quantity of other reagents it rea^cts with by responding 
negatively . and that the quantity of reagent is unchanged. 



08-Exc 17-2-1 j 


Given that as reagept A is added to reafeent B , the reaction ' 
proceeds vigorously and then stops, even when further amounts of ' 
A are added, and asked to explain, the student applies the concept 
that a given amount o*f a reagent will react -with a definite 
amount and no more of another reagent by so sia^jag,. 


08-Exc 

* »• 


17-3-1 


Given litmus paper and three liquids — an acid, a bas'e, and 
neutral water — and asked to indicate whether the substances are 
acids, bases, or neither, the student manipulates the materials 
and tests drops of the solutions on litmus paper to detemine if 
they .are acids, bases, or neither bv labeling the solution whln.h 
turns red litmus to blue as a base, the one which turns blue 
litmus to red as an acid, and the one which produces no change as 
neither. . 


08-Exc 17-3-2 


i 

Given the pH of five acid solutions and asked which of .the acids 
contains the most Ht idhs, the student applies the concept that pH 
and ion concentrations vary Inversely and the stronger the acid 
the greater the H+ ion concentration by selecting the solution 
with the lowest pH as having the highest PF' ion concentration and 
as being the strongest .acid. 


08-Exc 

*- 

\ ' • 


17-3-3 ■ 


Given pH paper, a pH color scale, two acids, two bases, and water 
and asked which is the strongest acid and wfelch is the strongest 
base, the student "manlpulsites the solutions, the pH oaoer. and the 
pn scale to aetennine the strengths oi acid and base solutions by 
Placing drops of the solutions on the paper and comparing ' the 
resulting' color spots with the color scale for the paper and 
^PQt^te the solution whose spot is nearest to the red as rnost 
acid -and the solution nearest to the blue as most basic. 


/ 
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Given a diagram of an object and a metric ruler and asked to-meas- 09-Core-l 
ure Its length In centimeters ,. the student manipulates the rtietrlc 
•in4ler to measure the length of the object by reporting Its length 
to within +^.1 cm, of the given answer, 

^ t * 

V 

(-^ ■■ ■ • , 

Given two different metal, strips, a solution , a hpakRr,' two test 09-Core-2 
leads, and a voltmeter and asked to assemble . them as. a chemical 
system which might produce electricity (a .battery) ^and to find out 
if his system does indeed produce electricity, and how he knows-, 
the student manipulates these materials to set up a chemical 
system -a^ a battery' and to determine if the system produces elec- 
tricity by setting up the apparatus as shown in Activity 18-6 , and ' • 
rf^ppopdipK; aiTlrmatlvely and to the effect that "the movement of ' 
the .needle of the voltmeter is evidence of the flow of electrlo- - 

Ity- ■ • * V , ' ■ 



Given a list of five forms of energy and asked to select the ' form . . 09-Core-3 

in which- energy is stored in a battery, the student recalls that 
electrical energy is stored in a battery as chemical energy by . . . 
se^ept^riK the term ahemioat. ■ . . . 



Given a diagram and a description of an observation of a chemical 09-Core-4 

reaction which occurs, in a syst^ when the system Is connected to 

a battery chai'ger and asked what kind of change occiirs and its - ' , 

cause, the student classifies a change in the color and the for- 

rnatlon of- a solid from. a solution onto electrodes (electroplating) 

as a cheniical 6hani€,e and electrical energy as its cause by ?ta^tipg 

Uiat/the change is a chemical change and electrical energy is its . . 

cause. ^ 

Given descriptions of the differences in appearance of two reac- 09-Core-5 

tants and. of the products cff a. reaction and asked if new atoms 

are , fonned in the reaction , ,to ' name them if they are , and if not , . • 

to explainjiow It, happens that products so different from the 

reactants ar-e fonned, the student applies the concept that in a ' . 

cheniical reaction t)ye atoms of the reactants . are simply reoomblned- ^ . ' 

to forni the products by ref3popdlng negatively and With the essence 
of the rule. •• . " 



Given a diagram of a chemical system and asked to list observable , 09-Core-r 
things wl-ilch would indicate that a change in the chemical energy 

of the system has occur-red, the -student applies the concept of the ^ 
oper'atlonal definition of a chemical reaction and the rule that 
the chemical ener-gy of a chemical system can be changed* only if 
the ^system under-go^s a chemical reaction by •],iptJ,np at least three 



.of the foHowlBg:* (1) a new solid is produced, (2) a gas Is 
produced, (31 the tenperature changes, (^) the color changes, and 
(5) a flow of electricity is produced. 



09-Core-7 Given a diagram a/id a description of *a chemical system* which is 

» ' ^ producing electricity M asked "what is haf^nlng to the chemiqal 

energy of the system and if any energy' was lost or -gained ard to 
explain his response, the student applies the concepts th^t energy 
can*be neither created nor destroyed, but can be converted from 
one form into another, by responding that the chemical energy, of 
the system decreased or that it is converted into electrical 
enerjgy, and the essence of the concepts/ 



09-Core-8 Given observations of reactions that occur in a chemical . system 

which is belig' charged and asked to describe the changes which 
occur in tne system as it; is" disdj^arged'^ the student applies the- '. 
• ^ • concept that the discharging reactions in a rechargeable battery" 
are the reverse of the charging' reactions by describing changes 
r • . Which are .the reverse of those which 'take place during charging. 

\ ^ . 0 . 

09-Core-9 ^ , Given that a battery is rechargeable and asked to name the process 

^ ' which describes the changes involving the particles Inside a 

■ battery when it is being ^charged,' or discharged j the student 

■ applies . the concept that a chemical reaction occurs "both when a 
battery is' being charged and when it discharges by responding tb 

. ' ; tfiat effect .... 



<; . ■■ . ...... - . 

09r-Core-10 , Given a description of two chemical systems set up as batteMes , 

one of -wfriich undergoes changes which indicate a chemical reaction 
" ... and onefDf which does not, 'anq^ asked which system is more Hkely 

- to have produced electricity mi to explain his answer, the stu- 
' • dent applies the concept <that if electricity is produced by a 
Chemical "System (a battery), a chemical reaction oqcurs and If no 
- ' ■ r»eaction bccyrs,' then .no electricity is produced, by stating that 
the system .in which the chaxiges occur would b^'more likely to 
hayp produced electricity and the essence .■ of^ t;he concept,.' < ' 



09-Gore-ll, GiX^ a descriptlon^Sf^ sit\aat/on in i^h:^h a battery is recharged 

_ ^ ,* . . ano^ked the kind- of energy that is usecrto charge the battery, 
that ds" present -in the battery after charging, and that is 
released -from the battery, the atudent classifies the form of . 
/energy used to charge a battery as electrical, the form of energy 
■ • ^in a charged battery as chemical, and the fonri of energy released 
fVom it as electrical by so responding . 



Given that a chemical system produces eldbtrlclty over a period'-; • 
'of time .and the statement that the components of the system remain 
^unchan^ed and. asKed If the statement Is true and to explain his 
answer, the student applies the rule that a chemical reaction - - 
takes "place If electrical energy Is released from the chemical 
system by responding negatively and with the effect of the rule. . 



09~Core-12 



Given exanples of things which In general or scientific t^rros are 
considered to be work and. asked which of the examples fit the 
operational definition of work:, the student clasglfies examples in 
vrtiich a force is applied over a distance as involving work as 
defined., scientifically by selecting only such examples , 



09-Core^l3/^ 



Given that it takes more energy to charge a battery than the ' . 
■battery will produce when it discharges and asked whether the 
missing energy was destroyed or used up and to "explain the 
student applies .the concepts that energy is not destroyed in an 
energy conversion-, but th^t it is changed into another form, by 
negatively and to the effect of the concepts. 



09-Core-l4 




Given an equation for a reaction and the, fact that energy is 
released by the reaction and asked which has the greater chemical 
energy,, the reactants or the products, and to explain his answer, 
the student applies tjie concepts that er^ergy cari' be neither- 
created n6r destroyed and^ that one form of energy is only con-- 
verted' to • another form by p9], ^ctlng the phrase which indicates 
that the ^hemlcal energy of the reactants is greater than that of 
the products .arid (?^],g,1,| n-i ng the essence of the concepts . 



09-Core-15 



Given thtt when a solid is dissolved in a liquid, the temperature 
of the liquid drops^ and five choices as to What happens to the 
energy and- askejl to select the option which tells what happens to 
the energy in the -system, the student applies the concept that in 
ordinary reactions, energy is neither created nor destroyed, but 
can only be changed in form, by selecting only the option to the 
effect t^hat the energy changes form. 



09-Core-l6 



. Giyen.-a statgrpfent that one substance h^ been dissolved i^ another 
' In an insulated Styrofoam dap and -asked whether the amount of 
energy present before 'dissolving is less than, equal to, or 
greater -than the. energy present after dissolving, the student 
applies ""the concept that energy can be changed from one form into 
another- by sgj. e^tlftg the option which Indicates that there is no ' ■ • 
change in the amount of energy pr^sfent . 



09-Core-17 
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09-Core-19 



09-Core-20 



09-Core-21 



09-Core-22 



09-Core-^3 



V Given the direction to add. water to anhydrous copper sulfate '.. 
.(CuSbj. while touching the container and asked If a chemical . 
reaction occurs, whether the "particles combine op separate, and 
how he. can tell, the student applies the concepts that when two 
'substances- are mixed, and a color change Is observed, a reaction • 
, has occurred, and that a. rise., In temperatui»e Indicates a combining 
\of particles' by respor^dlt^p; that a reaction occurred, that the 
particles combined, and that he knows because the 'tdf^perature 
Increased. •' ' * ' » ^ 



.Given that? two solutions at the same tenperature are mixed and 
tiiat a temperature Increase results and asked to use the "particle 
model to explain the temperatul-e ^change, the student classjLfles 
the combining of particles as releasing energy by stating that the 
combining of particles *to form the solid' Is. the cause of the 
temperature chahge. 



Given that the temperature of .water drops when a specified solid 
is dissolved in it and asked what, according to the particle 
model, -causes a temperature 'drop to occur, tl^e , student applies the 
concept thajb' when a solid dissolves , energy is needed to overcome 
the electrical attraction between the particles in the solid by 
stat;L^ the effect of the concept. - j . , ^ . 



Given a list of two phiysic^l changes*, one. chemical change, ^an "all 
of these" option, and a "none of these" option and asked how the • 
chemical energy of a fijjed mass of a substance can be converted 
into another form of energy, the student applies the concept that 
the chemical energy' of a conpound is concerted into another form 
of energy by a chemical reaction in which it is converted into a- 
different substance by s.electipp; the option which designates a 
chemical reaction. 



Given that a specific corrpound has a great deal of chemical energy 
and a£3ked wliat causes any canpound to release its chemical energy^ 
thie student applies the concept that the amount of chemiqal energy 
in a particular rrfess of matter can be changed ditring a chemical 
reaction by • res];fondlr^ to that^ effect.'' 



When warned to assume that each of two jars contains a dangerous 
cherrilcal, namely Winkler's -solution andr^c one ent rated sulfuric . 
acl^f, and asked to collect the materials necessary to mix a 
certain amount of c^e into the other, the student Chooses to , use 
safety glasses to protect his eyes while mixing the chemicals by 
■ PUt^trlrE oia'the safety -glasses before mixing the two chemicals. 
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Given -the warning that Wlnl|Ler's solution and concentrated 09^Core-24 
sulfuric acid are two dangerous chaidcals that he will be iislng In , 
•the nextv.chapter arid a^ked to state three things he should do If 
one of these solutions Is spilled on him or on, a classmate, the 
student recalls that when an unknown or a dangerous chemical has 
been Spilled on a person, the procedure Is (1) to rinse the area 
with plenty of water;. (2) to call the teacher, and (3) If possi- 
ble, .to show or tell hljn what the'chemlcaL-was, by stating at least 
two of the three procedures. 



Reminded of the. procedure used In Excursion l8-l arid asked why 09-Exc-l8-l-l 
after the themlc&l system had been assembled It would noli-ll^Ttr^ 
the bulbiB until It had first been charged, the student applies 
the concept that energy must be put Into a system before energy • 
can be obtained from the system by responding to that effect .. 



T 



When asked to -deter-mlne where the zinc goes In a chemical system 09-Exc 18-2-1 

composed of a zinc strip, a carbon rod, jind a K2Cr20j solution In 

a beaker, the student generates a procedure for ^Identifying what 

becomes of the zinc which disappears from the zinc strip -In a 

chemical cell and modifies or, defends' th^' steps of his model to 

meet his Instructor's objections .by Independently d,eplpyilng a 

procedure In Excursion 18^2 and defending or niodl/Vlry: It.. ■ 



Given ei^^llst ©f six energy conversions rind. asked to give an _ OO-Exc .19-1-1 

example of.ciny four of the specified energy conversions, the 
student applies the concept that energy can be converted from one 
fonn into anothe^ by stating examples of the specified energy 
conversion cori-ectly.ln at least tiiree of the four cases. ' . 



Given, a data table showirif;; the <water temperatures before and after OO-lsxc 19-2-1 

each of four- substances is dissolved in tlie water and asked to 

state whether the reaction is eridobhernil.c oi> exothermic, thQ 

student classifies the redaction as endothermic if the terrperature 

dr'ops and- as exothermic if the teinporaturc rises by so statlng.^for 

each case. ■ ^ 



Given that an ionic solid is dissolved in water and_ told the^ 09-Kxc 19-2-2 

change, in water temperature that OcQurs and asked to state the two • 
procoaaes involving energy which occur when ^ solid Is dissolved 
In wal^a 'and to tell which of the two Involved the greater amount 
of ener^^., the stdc^ent applies the concepts that the breaking . * 
apart' of ions when an ionic substance 'dissolves in water is an ' ^ , 
• ■ endothenriic process; that particles pombining w:^th the water . \ 

moleculQs is an exothennlc process-; that if the endothenriic , U 
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process is greater, the solutlorf temperature drops ; 'and that Xt 
the exothermic reaction' is greater, the temperature rises, by 
stating^ the two processes and identifying which involves the 
greater ^ount of energy . ^ 



i 
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Given three procedures Tor preparing glassware' for keeping fish 
. and asked which is the best procedure and why the others are not 
as sviltable, the' student applies the concept that washing the 
glassware with tap water and then with distilled water leaves the 
fewest contaminants by se;Lectlpg that procedure and e^l^;lning 
that the other procedures would mean leaving contamination. 



Given. a^ Us t of the chemicals used. in the test for dissolved 
oxygen and asked what data he would collect t(T determine which of 
several sampJeS contains the most dissolved oxygen and how he 
would use them to solve the problem, the student applies the- 
procedure for detennlning the relative amounts of oxygen in water 
sanples, comparing the total number of drops of Na2S203 used in 
the Winkler test in each case, by st^^tipg in effect that he would 
count the number of drops of NapSpO^ added to each sample and 
compare the counts and that there is a direct relationship 
between the oxygen content of a sample and the amount of Na2S203 
required to ^remove the. color. ' 



Wl-ien asked what hie needs to know about a named substance to write 
an operational definition for it, the student recalls thiat an 
operational definition for a substance Is a statement of how the 
substance may be detected by' statlg g that he would need to know 
how to detect it . 



Wien atJked to open his book 'to Chapter'.s 20 and 21 and to state an 
opei-atlonal definition for diaootved oxygen (Oy), t\ic student 
applies the concept of an operationk^ definition and the Irifor- 
rnation that 0;) is detected In a solu^-on by adding Winkler 
solutions 111 and i/2 and ll2S0i| until the«l)rown solid dissolves, 
then Na2o;^03 r.olutlon until the color fades, then drops of . starch 
solution, - and then Na2S203 solution until the sample is cloar and 
tliat oxygen is measured 'as a function of the "amount' of Na2S203 
used by reppor^dirig. with at least a statement about how to detect 
dissolved oxygen. 



Reminded that when he was studying the ICR's, oxygen (0;i), and • 
carbon. dioxide (COy), he wastold in each case to cap the Jars 
and asked whiy, the "student gerierates ^ the explanation that the lids 
£ire put onto the Jars to Insur-e that' the variables — the amounts 
"of 0;, or COp — ai-e altei-ed only by thie reactions in the fish and 
not by gas traiisferred^lnto or- from the water by at a^tjjK the 
effect of the concept. " /■ 



Given a description of Activities 20-6 through 20-11, including 
the results for the sairple used as a control, and asked to give 
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. the term that is used' to name the sanpl6 which serves as the coh- 
. trol and why, since' there ia no change in the procedure used on 

that sanple , it is necessary to do the reaction again with this 
' ^ activity, the student §.pplie3 the concept that a control must be 

used with an experiment to rule out effects specific tg the time 
of the trial (tenperature, length of timp, and so on) as causes 
^ of the results by respondi):^ with the term aontrot and statipf ;; the 
essence of the concept. ... 

■ I ■ I ■ ■ V . ' ' . , ■ \ : .. ..^ , , ■ I , , , , , , . ^ ■ ■ . . .. 

/ 

lO-Core-7 Given that several nonphotosynthesizing organisms ax^ in a closed 

. > • environment longer than 'several other nonphotosynthe$izing orga- 
'nisms and asked which organisms will use more oxygen and lease 
^' more carbon dioxide and to explain his answer, the student applies 
' . -- the concept that the longer an organism is in contact with a given 

, environment , the more reactants it willk use up for its survival . 
and the more products will be fomed by specifying the sanple in 
which the oxygen level will b.e lower and the cart)on dioxide level 
wll? be hi^er and statiry; that until the oxygen supply is ex- 
hausted or the organism dies, the 6xygen level will drof5 and the 
• ^ carbon dioxide level will rise in a sealed envlronnent in contact, 

with living (nonphotosynthesizing) organisms,. 



lO-Core-8 Given that a sample 'from a solution contains ■ a "specif ied dissolved 

gas and asked if all of the liquid contains the gas and to explain 
his answer, the student applies the concept that if a sample of a 
solution contains a specified substance, the rest of the solution 
/ , also contains that substance bv- respondijy; affirmatively and with 
the notion of the rule. 



lO-Core-9 ° Given a description of a situation in which the number of orga- * . 

. ^ nlsms is increased and 'asked what effect the increase In concen- 

tration will have on the rates of oxygerj consumption and c^on 

. . ■ • dioxide 'production and wFiy, the student applies t^e concept that 

an increase in the concentration of organisms, like an increase 
in any other reactant, increases the rates at which the reactants 
of a reaction ar^e used and the products are. produced by stating 
that the jrate^lncrease and the notion of the concept. 



10-Core-lO Given that the fisf^in Chapter 21 are subjected, only to sl6w 

^ changes in the .tenperature of the water .in which , they are kept 

^ and asked to explain why, the student generates the concept that" 

fish are sensitive to sudden temperature changes by responding 
that a sudden change in terrperature will be harmful to the fiih 
and may cause their death. * ■ ' 



10-Core-ll^ Given ^Uie water temperatui-e of a lake In spring and in sunnier and 

asked '"What " effect thiB change in teirperature would have on how ■ 
often a cold-blooded arilnal would need to., surface for air and to - 



explain his answer, the student applies the rule that reaction 
rates vary with tenperature bv predicting that the animal would 
have to breathe more often In warmer water and stating the effect 
of the rule* > , - 



Given a list of four reactions and 'an ''all of the above are . IO-Core-12 
correct'' option and asked to select evidences.^ that chemical reac- 

'tlons- take place In living things, the student classifies the _ ■ 

following as evidences that chemical reactions occur In living ' . ■' ' 

. things: (1) some materials .(reactants) are used u^, (2) new 
materials (products) are formed, (5) concentration^ are altered, 
(^) t^nperatures of living things alter the rate of new material 
formation, and (5) stomach acid Is neutralized In de^^lnlte 

quantities,., as are other acids, by selecting all four of the .... ^ 

evidence^' that occur In the check or the option "all of the above 
are correct/' . ■ 



Given that a sample of the same product has been collfe<3ted from a ' lO-Core-13 
living and a nonliving system and asked to agree or disagree with 
the statement th^t the products'" can be distinguished and why, the 
student applies the concept that a chemical substance Is the same 
whether it Is produced -tij^ a living or a nonliving system by 
d4safrpe;Lpp; with the position that sanples from living and" non- 
living systems can be distinguished and st9.t ing the concept as the 
reason. 



Given a report that a specif led' motor runs because of a. chemical 10-Core-l4 

reaction between a specified fuel and oxygen and asked ^ based on 

his knowledge of reactants in chemical reactions , to predict what - ' , 

should happen to the amount of fuel in the tank as the reaction 

takes place and why. this happens, the student' applies the concept \^ 

that the reactants ^are consumed during a chonlcal reaction by 

pr^dl^ctlfig that the. amount of fuel should decrease because the 

reactants. are being consumed* 



Given a reaction from Chapter 20 ,or 21 and a statonent of .the lO-Core-15 

position that a given amount of a specif ie(^ reactant can react at 

different times with different amounts of another reactant and . ^ 

asked if he agrees or disagrees with the position- and why, the / . } 

student applies the concept that -when chemicals react, they dd^sjlo ' - ^ 

in definite numbers (ratios) and when all the particles havf--^ 

reacted, the reaction stops by st^tlp^ that he disagrees with the 

position and the essence of the rule, ^ . - 



Given that the oxygen (O2) level goes down in water containing . ld-Core-^l6 
ICR's and- asked what evidence hie has to decide between' the state- 
ments (1) that fish absorb and store O2 and (2) that the absoxiDed 
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O2 Is Involved In a reaction in th^ fish, the student applies the 
concept that In a chemical reaction, the particles are recombined 
in different ways by citing the decrease in the amount of uncom- 
bined O2 and the product ion|Of CO2 (a combination of O2 and Q) ^as 
evidence of a chemical reaction and slj^ating that if the f i6h • 
simpiy absorbed the oxygen, there would be a lowered oxygen TeVel_ , 
but the carbon dioxide level would, remain unchangec^.^ . 



diven five statements' to the effect either that the conclusions 
which can be drawn from the ICR activities provp sonething or that 
they suggest something about scientific models and asked to select 
the best statement , the student applies the concept that the ^ 
results of scientific acti-vities suggest or support conclusions 
or models , but they do not prove them, by se:|.ecting the' entry 
which implies support for a model. 



Given the fact that the temperature of the human body doesn't 
drop, even on very cold days-^ and asked what the source of heat is 
in the human body, the student generates the concept that chemical 
reactions occur within the body that release heat and keep the 
human body temperature constant by responding to that effect. 



10-Exc 21-1-1 



Given a description of a situation In which differing air samples 
are stored in containers and asked how he would go about deter- 
mining wkiich container has the most oxygen, the student applies 
the concept that given a fixed reaction rate, the 'duration- of a 
reaction is' proportional to the amount of > the reactants present 
by respoj^d^Lng; to the effect that he would invert each container 
over a burning object and find the, amount of time it took fof the 
flame to. go out and the longer it took ,' the 'more oxygen in the 
container. «- 



Given a pair of labeled axes and 'data about depths of water, 
variations in dissolved oxygen, and oxygen levels .(in ing/1 J .'needed 
for specified fish to^ survive and asked thie lowest levels at which 
each species of fish could, be found in the lake, the student 
applies the processes of graphing data and Interpreting a .graph 
by r);i.Qttlng the points, d rawing a smooth line of best fit,, ajid ^ 
labejiry^ the lowest levels at vriilch each species of fish could • / 
exist, correctly f o> two of the three giyen species. ' . ' 




• > 



^ : ^. ■ ■ Z-^ , 7— , 

>*•,'.< * 
M ■ ■ " ti 

Given five glucose solutions whose different concentrations are ll-Core-l 
indicated by their different colors after /being tested with ' 
Benedict's solution and asked to place these in order of ooncen- 
tration from lowest to highe3t^ concentration, the student 
identifies^ the relative concentl^tlons. of the glucose solutions . 
aa the lightest having the lowest concentration and the darkest 
having the highest concentration by on j ^e f^^ky ;- the five solutions^ 
^ from 'the lightest . ta the darkest color intensity. ' '// ""^ 




Given the directions to get four sanples of different ooncentra- 
tions of glucose solution and to test' them according to the 
procedure in Activities- 22-12 .through 22-14 and asked to 'order 
the glucose content of the samples from the lowest to the highest, 
the student manipulates the. four samples, Benedict's solution, and 
a hot water bath by .Q;r4er^pp; the solutions by concentration of 
glucose from the weakest and lightest in color to the strongest ' 
and darkest in color. 

'Given th'at carbon dioxide is produced by a specif ied^ organism , ll-Gore-3 

using. the oxygen in the >air and a list of possible jgources of the' - ;^ 
carbori mid asked to select from the list the Source of the carbon, • - - \ 

the student applies the Concept that elements are not created, 
destroyed;, or synthesized in chemical reactions, but are present 
• in the reactants , and that food is a reactant for living things 
.by select ;Lpg the option to ^the effect that the carbon is taken in 
in foods'. ^ . . ■ - 



Given the ratio of the size of the sanple to the source and a ll-Core-4 

diagram showing the number of individuals in a sanple and asked 

how many individuals are in the source, the student applies the 

assuirption that the nftmber of individuals in the source is to the 

number of individuals in the sample as^ ^the size of the sour^ce is 

to the size ofv the sairple by report j;ig the product of the number 

of Individuals in the- sample and the ^reciprocal of the ratio-* 



Given thatWeast and glucose' react faster after grinding than " - ll--Gore-5 

before ^ir^^lng even though the grinding kills the yeast and asked. 

to explain Why, the student generates an explanation, to. the effect 

that grinding' frees the catal^yst and allows the glucose to come^ 

into contact with It rpore easily by starting the effect of that 

explanation. ■ \ 



Given that an organism grows and multiplies as^ it reacts and asked ll-Core-6 
if the mass of the reactants Is equal to the mass' of the products 
and tp explain his answer, the student applies the concept fchat 
the .total rrass .in a reaction .is constant ahd if the mass of living 
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matter Increases, the mass pf the. nonliving matter decreases by,, 
responding affirmatively and tq- the effect that, the total mass is 
constant eixid that some, of the glucose increases the mass qf the 
yeasts • \ ' 



ll-.Core-7 ■ Given that a specific reaction needs a catalyst added to it when 

. it occurs in a test tube, but not when it occurs in a living 

organism, and asked to e3q:)lain the. difference', the student applies 
the concept that living organisms supply their own catalysts to 
reactions by so . st^tlnK ^- ^ , ■ . " 



Given that^a reaction takes place in his body at a much lower 
tenperature than outside of his body and asked to explain., the ^ 
student applies the concepts that he, like all living things, 
contains catalysts and that catalysts allow high reaction rates . 
at lower temperatures than are^ otherwise possible by stat;!^ the 
essence of those concepts • 



ll-Core-9 Given that a specified reaction occurs in a living organism using 

catalysts produced by the organism and the' claim that the catalyst 
will, not function outside of the organism and asked if he slgrees. 
or disagrees and why, the student applies the concept that a 
catalyst which functions In a reaction within an organism wi-il 
also function outside the organism if the catalyst and all the 
reactants are present by atatlnp; that he disagrees ifind the^^ effect 
' . of the concept . . .■ ' - j ■ 



ll-Core-12 



When asked if he contains catalysts and to give evidence^ for his 
answer, the student classifies himself as containing catfalysts 
and as ..evidence Of his answer that chemical reactions tAke place 
^at body tejnperature at faster rates than are possib^-e Without 
cat^alysts. by sta,tlpig; that he contains catalysts and cl/(;i r<g the 
appropi?late evidence*. / " 

— — . / ■ . 

When asked to list three variables which alter the mte- of a . 
reaction in living things, the /student classifies Vanperature, ■ 
concentration, and .catalysts as altering the rate^ of reactions 
'in living things bv 'l^t^fig. those. ^ 



Given that several' living and nonliving chemical 'systems are • 
stored with all the materials necessary to- reproduce themselves 
• and' asked how many systems — .^fewer, the same number, or more 
.'Will be present at. a later time and to explain his answer, the 
student applies the Concept that living chemical systems repro- 
duce themselves , whereas nonliving ones do not by s . e^ egt;^ the 
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responses which IndicateN^that the same niM)er of nonliving systems 
will be present and more/ living systems will be*present after 
storagfe' and st^t^np; the ^iessence of the: rule. " • 



Given a quotation from an Individual- who has read Chapters 22 and 
23 where the text warns against heating a llvlung material contain- 
ing a catalyst which is 'concerned, in the reaction, including the 
statonent that' the reaction rate cou^ld have beef^ 'increased, by 
heating, and asked if he agrees or disagrees and .why, the student 
applies the concept that most catalysts of living materials are .. 
destroyed by heat^ by disagreeing and stating the essence of the 
concept. ■ ' 



''ll-Gore-lB 



Given'-a list of physical and chemical reactions, which includes 
burning of a material, and asked to select the chemical reaction 
involving oxygen as a react ant , the student classifies burning as 
a reaction involving oxygen as a reactant by selecting the reac- 
tion which mentions burning. . 



.11-Core-l^ 



grams Kor 1,000 ml or 1 liter) of water l.°C by so - statin g. 



ll-Core-15 



When asked to state a de.finition f or kilooalo^ie in terms of . ' 
water, the student recalls the definition that one kilocalorie is 
the airiount of heat necessary to raise • the temperature of 1,000 



When asked to state a definition for aalovie In terms of water^ 
the student recalls the definition that a calorie is the .amount of 
heat> needed to .increase the temperature of 1 gram .(1 ml) of water 

i^e by so resppfldlr^gV 



ll-Core-16 



Given a .computation of the amount of change in the heat energy of 
a specified amount of water. In grams, resulting from a given 
change in temperature iri °t:, and five entries which purport 'to be . 
answers to the computation, involving .different, units, one of ' 
which is ea^oWes, and asked which answer uses the correct unit , 
•of heat for the problem, the s t udent g Ifts s 1 f ies the calorie as the 
unit used to express heat when the measurements are made in grams 
and °C by selecting the response using tl^at term. 



Given access to a specified quantity- of water, a graduated^ylin- 
d^r, a thenriometer , and an alcohol burner and a stand and asked to 
find the change in heat energy that rQ^lts when a sanple of 
water is heated for a specified time period, the student applies 
the formula for measuring the change in ?ieat energy of the sairiple 
(AT X grams of water ^ calories), carrying out the instructions 
given, bv re pprtl;'] g the temperatures of the water before and after* 



ll-Core-17 
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ll-Core~22 



heating and by . the calories of heat energy exchanged 

to vd.thlrt+10^ of the correct value Indicated by. the measurements 
he takes ♦ . . ' , ■ / - ' - • 



Given the name and the symbol of a variable and asked what he 
would 'rtieastffij^ if he were asked to measure a variable j the student 
■ Classifies th^<Iheasurement of a variable as the measurement of a 
change in the variable by so sta^t ^p p; ,. " . 



Given- an initial and a- final temperature 'of a mass of water ^d 
asked to f:^nd the amouht of heat energy required for the tanpera- 
ture change, the student^ applies the fomjula (grams* of water :x. 
AT = calories) for calculating the amount of heat Involved in 
changing the temperature of water by co piput^^;^ the quarktity'^of 



heat as the product^of . the appropriate quantities to within +^%. 



.Given a lisrt of variables related tq the cola-can calorimeter " 
used In Chapter 2^ and asked ^ to identify which of the variables " . 
listed are important to the experlment^id. results but are leered, 
the student applies the concepts that a\alorlmeter measures the 
amount of heat released by a reaction and^^hat ^/ariables which 
affect bhe ainount of heat captured by the cftloi^lmeter are-lmpor-^ 
tant by^. selecting both sources -of heat loss i!,lsted in ,the 
question • ^' ■ . 



Given a list of five variables, including' the amount of' matter, 
the duration of the heating, and the amount of ^ heat supplied per 
time unit, and asked to select the variables which determine the 
amount of • tenperature change in an object being heated, the 
student' classifies the amount of matter, ^the duration of heating, 
and the ..ainount of heat supplied per time unit as the variables 
affecting the amount of terrperature chawge of an object being 
heated by selecting only those ♦ 



ll-Core--23 



Given that humans take in chemical -energy and. asked to list three 
energy Yonris into which the body converts the, chanlcal energy of 
food, the student classifies chemical energy -as, being converted 
Into electrical, mechanical, chemical energy of other . conpounds , 
or heat energy in the body by ^^^fl^-P Pi any*^two -of the -forms of 
energy into which the body converts chemical energy ♦ 



ll-Core-2/4 



Given that a specific compound has a great deal of chOTlcal 
energy stored In It and asked when it would release its chemical 
energy and what would happen to its particles, the student applies 
the concepts that the amount of chenilcal energy in a* compound 



ERLC 



07 



. ) 



changes during a chemical reaction and that In^a reaction the 
particles of the react'&nts are recomblned by ^4ppQndj. pg to that 
effect. . . • 



■■•■■"When asked Iniwhat form energy' Is stored In a specific Jood, th^ " ■' ll-Core-25 
student classifies chemical' energy as the form In which 'ener^ Is 
stored In^ food by so responding - . ... " , 



> 



When asked If humans are HCR's (human chemical reactors) and If ■ ll-Core-26 

so, to name three reactants and three products or If not, tp state ■ 

their energy source , the student classifies hutiians as chemical 

rea^ctors,' their input of oxygen, food, water, and so forth Ss - . 

reactants, and, their output of perspiration, urine, heat, carbon . - . 

dioxide , and solid wastes as products by responding affirmatively • ' 

and- naming those reactants and products although some of the 

products or reactants named rnay be replaced by suitable sulistl- ' 

tiites. * . 



When asked wl:)y glucose and yeast are included in a specified ll-E^c ,22-1-1 

^recipe, the student applies the concept that the yeast-glucose 
reaction causes- dough to rise as a result of the formation of • 
carbon dioxide by respondin^.^ to the effect that glucose is used 
by yeast in forming carbon dioxide, the bubbles of which make' the. 
dougl-i rise. , . ■ * - ,. * 



Given that a substance . I3 being tested with starch and iodine ll-Exc 23-1-1 

solutions to determine if that substance is a catalyst which will 
break, down "rnT||te|3nd asked what he expects to observe if the' 
subJjtance is a^H^lyst , the student applies the, principle that a. ^ ' 
.cheiTii;pal indicator is affected only by the presence of a specific 
substiince and ceases to be fi^ected'when the Substance .is removed 
and the fact that iodine Is "an indicator which is blue-black in 
, the presence of starch by respondin g that he.- would expect to see. 

the blue-black color fado. , , • > ' 

° : . r ^. • • ' • 

Given a specified mass of w^ter, its Initial temperature, and fei . ll-Exc 2^-1-1 
lower final tempex^ature arid asked .how many calories of heat the ■. . 
water hias lost, the student applies the principle that the number ■ • 

; of calories lost \fl water equals the mass of the water in grams ' . / 

times the temperature- change . in "C by re sponding with the correct 
answer determined by ,^at formula. . •' " »^ 

•Given a specified number of Calories (kllojQalorles) and asked how 11-l^xe 2^-1-2 
" many grairt? of water could be raised 1"C by tj'iat'many Calories, 
the student applies the concepts that a Calorie (kilocalorlo) is 

er|c \ * -s 



equal to 1,000 calories and tJiat one calorie raises the tenp'^ra- ' 
ture' of one gem of water by 1°Q by reportlnf^ the nltfnber of grane 
of water as 1,000 times the number of Calories. 





Given any five of the sixteen assunptions of the particle moael ' • 12-Core-l 

for matter and a selection of ten activities trarii ■Probing the . •'. 

^Natural World/2, one "Dp more of which are related to each given' 
^assumption, and asked to match each activity with the assunption 
of the rwDdel to which it is nost closely related, the 'student 
' classifies, each activity listed from the text as being most close- 
ly related to that assumption in the particle model which it was 
used 'to develop, test, or illustrate an application of by ipatphlng 
each activity with the asfeunption of the model related to it, 
correctly for at least eight of the ten activities given. 



\ 



